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 The present study explored the types and quality of the collaborative problem solving 
interactions of 14 small groups of undergraduate engineering students in four face-to-face 
classrooms as they solved an authentic engineering task. The study also examined the groups’ 
progress on the task and the strategies that the teaching and course assistants implemented to 
orchestrate the groups’ activity in these classrooms. Video data from the four classrooms was 
collected and analyzed. Findings from the analysis of students’ interactions did not indicate high 
quality collaborative interactions in groups. Findings also indicated that higher group progress 
was associated with more collaborative problem solving turns where students were less engaged 
in mentioning new ideas and rejecting ideas, more engaged in rich explanations and justifications 
of processes and concepts, and more engaged in monitoring individual understanding or group 
performance on the task. Possibilities to improve the quality of collaborative interactions in 
groups were explored and discussed.  
 Findings from the analysis of the teachers’ strategies indicated that the teaching assistants 
did not implement framing strategies that aim at prompting students’ collaboration at the 
beginning of the collaborative problem solving activity. They also did not reflect on students’ 
collaboration at the end of the activity. During the activity, the teachers did not monitor the 
groups’ activity and were focused on providing the groups with task-related support. Task-
related support had negative impact on the quality of students’ interactions when teachers 
provided students with elaborated answers or problem solving procedures. Task-related support 
had a positive impact on the quality of students’ interactions when teachers answered students’ 
clarification questions or probed students’ understanding until they figured out their next step. 
Not implementing collaboration-related support and implementing task-related support that had 
 
 iii 
negative impact on the quality of students’ interactions may have in part contributed to the low-
quality collaborative interactions in the groups which in turn may have negatively influenced 
group progress. Future directions for supporting teaching and course assistants in orchestrating 
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Research has shown that today’s Science, Technology, Engineering, and Mathematics 
(STEM)-related workplaces require employees to work in teams in order to solve complex 
interdisciplinary problems that are hard to tackle individually (Jang, 2016; Jonassen, Lee, & 
Strobel, 2006). To meet this demand, many colleges and universities are implementing different 
constructivist teaching approaches that include engaging students in collaborative problem 
solving activities in face-to-face higher education STEM classrooms. These approaches are 
shown to have a greater positive impact than direct instruction approaches on students’ learning 
of content, and development of 21st century skills such as collaboration (Duffy & Raymer, 2010; 
Hmelo-Silver, 2004; Krajcik & Blumenfeld, 2006; Savery, 2015). They are also shown to 
improve students’ attitudes and motivation towards learning (e.g. Tseng et al., 2013).  
A common instructional model for implementing collaborative problem solving activities 
in face-to-face higher education STEM classrooms involves students working in groups to solve 
authentic problems that are similar to what they may encounter in their future STEM workplaces; 
it also involves teachers orchestrating these activities through implementing practices that 
facilitate collaboration and learning (Nelson, 1999; Jonassen, 1999). Research has shown that 
collaborative problem solving activities that are implemented using this model can positively 
influence students’ content knowledge and skills such as collaboration and problem solving 
(Cook et al, 2017; Sahin, 2010). However, less is known about the processes that occur during 
these activities (Choi & Lee, 2009). Variables that are associated with these processes, such as 
the type and quality of student interactions in the group, the group progress on the task, and the 
strategies that teachers implement to orchestrate these activities, remain understudied. 
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Understanding these variables can have implications on components, such as the design of the 
task, the instructional sequence, the design of the technology, the content of teachers’ 
professional development, and the type of assessment, that control and influence the 
implementation and effectiveness of collaborative problem solving activities. It can also have 
implications on understanding how students think collectively in groups when solving authentic 
problems during collaborative problem solving activities.  
The Purpose of the Current Study 
This study is a part of a three-year design-based research project that aims to develop 
Collaborative Support Tools for Engineering Problem Solving (CSTEPS). The study takes place 
in the context of a face-to-face undergraduate engineering classroom where students are solving 
an authentic engineering task in small groups. The study explores the student interactions within 
the groups, the groups’ progress on the task, and the strategies that the teaching and course 
assistants implemented to orchestrate these classrooms. Video data was collected in four of these 
classrooms over a period of one week. The duration of each class was 50 minutes. For each class, 
the study examines the type and quality of student interactions in the groups. It evaluates the 
groups’ progress on the task that they were trying to solve during the class duration. The study 
also explores the relationship between the quality of student interactions in groups and the 
groups’ progress on the task. In addition, the study describes the strategies that the teaching and 
course assistants implemented during these classes. The study investigates how these strategies 
may have influenced the quality of student interactions in the groups. This study answers these 
four research questions: 
1) What are the types and quality of interactions that groups engage in as they solved an 
authentic task in face-to-face undergraduate engineering classrooms? 
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2) What are the interaction patterns that characterized groups who were (or were not) 
making progress on the task? 
3) What are the strategies that the teaching and course assistants implemented to orchestrate 
the collaborative problem solving activity? 
a. What are the framing strategies that each TA used to introduce the activity in each 
of the four sections? Are there differences in the framing strategies between the 
two TAs? 
b. What are the types of support that each teacher used to intervene with the group 
work? Are there differences in the types of support between the teachers?  
c. What are the consolidating strategies that each TA used to wrap up the activity in 
each of the four sections? Are there differences in the consolidating strategies 
between the two TAs?  
4) How did the supporting strategies influence the quality of students’ interactions as they 
solved the task? 
Significance of the Study  
 The present study provides insights into variables that control the dynamics of a face-to-
face collaborative problem solving STEM classroom where students work in small groups to 
solve an authentic task that is similar to what they may encounter in the future workplace. These 
variables are the types and quality of students’ interactions in their small groups, the groups’ 
progress on the task, and the teachers’ role in orchestrating the groups’ work. The study also 
provides insights into the interplay between these three variables by investigating the relationship 
between the quality of students’ interactions and the groups’ progress on one hand, and the 
impact of the teachers’ interventions on the quality of students’ collaborative problem solving 
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interactions on the other hand. The study broadens our understanding of how students verbally 
interact and think together as a group when solving authentic problems in undergraduate STEM 
classrooms. The study presents concrete recommendations for teachers on how to successfully 
implement collaborative problem solving in STEM classrooms. These recommendations can be 
used to design professional development that aims at helping teachers in general and teaching 
assistants in particular to improve the quality of interactions of students as they work on 








Collaborative Problem Solving in Higher Education STEM Classrooms 
Today’s STEM-related workplaces, like Google, Apple, Microsoft, and NASA, rely on 
teams to run projects and implement new initiatives. In these teams, employees work together to 
solve complex interdisciplinary problems that are hard to tackle individually (Jang, 2016). In 
order to succeed, employees use STEM content knowledge and apply skills, such as 
collaboration and problem solving, that are known as “soft skills” (Robles, 2012) or “21st century 
skills” (Partnership for 21st Century Skills, 2007). Hence, STEM-related workplaces require 
employees that have expertise in STEM content and skills in order to maintain their merit in 
today’s competitive market and changing economy. A major goal of higher education STEM 
programs is to prepare students to be successful employees in their future STEM-related 
workplaces. Given that today’s STEM-related workplaces require employees that have expertise 
in STEM content and 21st century skills, higher education STEM programs must meet this 
demand through teaching students both STEM content and 21st century skills so they can succeed 
as future employees in STEM-related workplaces. Accrediting agencies (e.g. Accreditation 
Board for Engineering and Technology [ABET], 2018) are now evaluating higher education 
STEM programs based on their capability of preparing students to develop expertise in both 
content and skills. 
In order to teach students STEM content alongside 21st century skills, many colleges and 
universities are implementing teaching approaches, such as problem-based (Hmelo-Silver, 2004; 
Savery, 2015), project-based (Krajcik & Blumenfeld, 2006), and inquiry-based learning (Duffy 
& Raymer, 2010) in their face-to-face STEM classrooms. These approaches are supported by the 
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theory of constructivism that views students as active constructors of their own knowledge and 
teachers as facilitators of the processes of knowledge construction (Wheatley, 1991). In contrast 
to direct instruction approaches, a growing body of research has shown that constructivist 
teaching approaches have been effective in helping STEM students learn content and develop 
21st century skills such as critical thinking, collaboration, and problem solving (e.g. Barron & 
Darling-Hammond, 2008; Morrison, McDuffie, & French, 2015). They are also shown to 
improve students’ attitudes and motivation towards learning STEM disciplines (e.g. Tseng et al., 
2013).  
A prominent aspect of constructivist teaching approaches in face-to-face higher education 
STEM classrooms is engaging students in collaborative problem solving activities. A common 
instructional model for implementing these activities involves students working in small groups 
to solve authentic, ill-structured problems that are similar to what they may encounter in their 
future STEM workplaces (De Hei, Strijbos, Sjoer, & Admiraal, 2016, Nelson, 1999; Jonassen, 
1999). Such problems contextualize concepts in authentic situations in order to help students 
realize the meaningfulness and relevance of these concepts which fosters the transfer of what 
they learn to solving similar and new problems (Hung, 2013; Jonassen, 1997). Unlike well-
structured problems, these problems engage students in processes, such as articulating problem 
space and discussing alternative opinions, that help them acquire more than domain specific 
knowledge (Kapur & Kinzer, 2007; Jonassen, 1997; Xun & Land, 2004). The model also 
involves teachers in orchestrating these activities through implementing practices that facilitate 
collaboration and learning (Hmelo-Silver & Barrows, 2006; Hemlo-Silver et al., 2015). 
Examples include setting educational and performance goals prior to implementing the activity, 
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creating an appropriate task, framing the task at the beginning of the activity, and intervening 
effectively during group work (Kaendler et al., 2015, Webb, 2009).  
Research studies report that the use of this model when implementing collaborative 
problem solving activities in face-to-face higher education STEM classrooms have had positive 
impact on students’ acquisition of content knowledge and development of 21st century skills (e.g. 
Cook et al, 2017; Hmelo-Silver & Barrows, 2008). For example, in undergraduate face-to-face 
engineering classrooms, collaborative problem solving activities that were implemented 
following this model improved students’ conceptual understanding of engineering concepts 
(Sahin, 2010), knowledge acquisition of engineering principles and procedures (Masek & 
Yamin, 2012), and problem-solving skills (Cook et al, 2017; Reeves & Laffey, 1999). These 
activities gave students the opportunity to work in teams like actual engineers and solve complex 
real-world engineering problems that have multiple solutions and multiple solution paths (Cook 
et al., 2017; Douglas et al., 2012; Jonassen, Strobel, & Lee, 2006). However, despite the 
effectiveness of these activities in preparing future engineers, studies that examine learning 
processes that occur during these activities in undergraduate engineering classrooms are scarce 
(Berge, Danielsson, & Ingerman, 2012; Berge &Weilenmann, 2014; Kittleson & Southerland, 
2004; Menekse & Purzer, 2016). Variables that are associated with these processes, such as the 
quality of student interactions in the group, the group progress on the task, and the strategies that 
teachers implement to orchestrate the collaborative problem solving activities, remain 
understudied.  
Understanding how these variables unfold and interplay during collaborative problem 
solving activities can provide insights on how to better implement these activities and overcome 
the challenges that arise when implementing these activities in face-to-face higher education 
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engineering classrooms in particular, and STEM classrooms in general. It can have implications 
on different components, such as the design of the task, the instructional sequence, the design of 
the technology, the content of teachers’ professional development, and the type of assessment, 
that can influence the effectiveness of collaborative problem solving activities. It can also have 
implications on understanding how students think collectively in groups and how teachers 
facilitate their thinking when solving authentic problems during collaborative problem solving 
activities. 
Quality of Student Interactions in Collaborative Problem Solving 
Collaborative problem solving is prominently featured in face-to-face constructivist 
STEM classrooms (Hmelo-Silver, 2016). It can be defined as “a coordinated, synchronous 
activity that is the result of a continued attempt to construct and maintain a shared conception of 
a problem” (Roschelle & Teasley, 1995, p.70). This form of collaborative learning can be 
distinguished from other forms of peer learning or group work such as cooperative learning. 
During cooperative learning, the task is usually divided into subtasks that are distributed among 
group members who work individually (Dillenbourg, 1999). When each group member 
completes the subtask, the parts are put together indicating that the group has completed the task. 
While cooperation can still occur during collaboration, collaboration is more than the sum of the 
parts (Kaendler et al., 2015). It involves co-construction of knowledge that do not take place 
during cooperative learning. 
Collaborative problem solving involves interactions between students in order to solve a 
problem. Two theoretical perspectives explain how student interactions mediate learning during 
collaborative problem solving: the socio-cognitive perspective and the socio-cultural perspective. 
On one hand, the socio-cognitive perspective builds on Paiget’s constructivist theory of cognitive 
 
 9 
functioning and development (De Lisi & Golbeck, 1999). According to this perspective, student 
interactions can lead to a cognitive conflict in the mind of the student (Doise, 1990). This 
conflict disturbs the student’s mental equilibrium (the balance between assimilation and 
accommodation) and activates the process of equilibration where the student revises his or her 
cognitive system; in turn, the revised system allows the student to formulate new meanings and 
understandings in new learning situations (De Lisi & Golbeck, 1999). On the other hand, the 
socio-cultural perspective builds on Vygotsky’s theory of human development that emphasizes 
the context within which that development occurs (Hogan & Tudge, 1999). According to this 
perspective, intersubjective (group) cognition precedes intrasubjective (individual) cognition 
(Stahl, 2015). Thus, student interactions are fundamental tools through which students internalize 
the cultural ways of constructing knowledge; then, students use these ways to think individually 
and communicate with others in order to learn and function within the society they live in 
(Mercer & Howe, 2012).  
Studies that are either framed by the socio-cognitive perspective or socio-cultural 
perspective on the role of student interactions in collaborative problem solving admit that these 
interactions are central to the learning processes that occur during collaborative problem solving. 
However, studies that purely adopt a socio-cognitive perspective focus on how student 
interactions influence processes that are associated with individual learning and cognition. These 
processes help students construct their own learning as they collaborate to solve the problem by 
a) figuring out new ways to connect pieces of information they already know, b) linking new 
information to information they acquired previously, and c) modifying their thinking based on 
the new information that they encounter during collaboration (Webb et al, 2009). Examples of 
these processes include cognitive elaboration (Webb, 2009; Webb et al, 2009) and cognitive 
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engagement (Chi & Wylie, 2014). Studies that are framed by a socio-cognitive perspective on 
the role of student interactions in collaborative problem solving evaluate the quality of these 
interactions in relation to their role in facilitating cognitive processes in the mind of the 
individual. These studies set the individual as a unit of analysis. They often use pre- and post-
tests to assess individual learning during collaborative problem solving, and they may analyze 
student interactions to understand how these interactions may have led to individual learning.  
Studies that purely adopt a socio-cultural perspective on the role of student interactions in 
collaborative problem solving set the group as a unit of analysis and focus on how these 
interactions activate and influence processes of knowledge co-construction between the group 
members in a certain context. Examples of these processes include coordinating joint attention, 
creating a joint problem space, discussing proposals, and reaching consensus (Barron, 2000, 
2003; Hmelo-Silver & Barrows, 2008; Hmelo-Silver et al. 2007; Mercier, Shehab, & Kessler, 
under review; Roschelle & Teasley, 1995; Teasley & Rochelle, 1993; Stahl, 2006). These 
processes allow students to think together and co-construct knowledge in order to solve the task 
during collaborative problem solving (Littleton & Mercer, 2013). They may also influence what 
each group member learns during the activity in terms of content and ways of thinking about 
how to solve problems (Mercer & Howe, 2012). The quality of these processes is directly 
influenced by the quality of the verbal interactions that take place between the group members 
(e.g. Barron, 2003) which can be evaluated on three dimensions: the collaborative, cognitive, and 
meta-cognitive dimension (Kaendler et al. 2015, 2016). The collaborative dimension is 
associated with how the students are participating in the problem solving process and how they 
are building on each other’s ideas as they solve the task. The cognitive dimension is associated 
with how the students are presenting and handling ideas as they solve the task. The meta-
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cognitive dimension is associated with how students are monitoring their progress and 
performance on the task and their participation in and contribution to the group processes. 
Studying students’ verbal interactions from all three dimensions is necessary to fully understand 
how groups function during collaborative problem solving.  
Studies that are framed by the sociocultural perspective on the role of student interactions 
in collaborative problem solving have been conducted in different face-to-face higher education 
STEM classrooms (e.g. Berge, Danielsson, & Ingerman, 2012; Berge &Weilenmann, 2014; 
Hmelo-Silver & Barrows, 2008; Hmelo-Silver et al., 2007; Kittleson & Southerland, 2004;  
Oliveira & Sadler, 2008). These studies deeply analyzed the interactions within groups and 
identified patterns that influenced certain group processes that, in turn, fostered or hindered the 
group activity. For example, in a pre-service science teacher education classroom, Oliveira and 
Sadler (2008) studied how the interactions within three groups influenced conceptual 
convergence as they participated in an open-ended science inquiry activity. High quality 
interactions included moves that indicated mutual elaboration of ideas. Low quality interactions 
included moves that indicated continuation to a next topic without resolving conflicts. Unlike 
successful groups, unsuccessful groups were engaged in low quality interaction patterns which 
suggested that the group members were not engaged in activating processes such as monitoring 
of group learning and resolution of conceptual conflicts. In another example, Kittleson and 
Southerland (2004) examined the role of student interactions in the process of group knowledge 
construction of mechanical engineering students as they worked on an engineering design 
project. The authors used discourse analysis to analyze the interactions of one group of six 
students by first identifying the conversations in which students were discussing concepts, then, 
coding each turn within these conversations as explanation or negotiation. The authors found that 
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the explanation and negotiation turns within conceptual conversations had a significant role in 
facilitating or inhibiting group knowledge construction during collaborative problem solving.  
Findings from these studies help researchers understand the nature and functions of 
student interactions in groups in different face-to-face higher education STEM classrooms. They 
empower them to identify interaction patterns that can positively (or negatively) influence the 
group activity. This can inform the processes of developing better tasks, tools, and other 
conditions that can improve the quality of student interactions in these classrooms given that 
high quality student interactions do not naturally take place when students are put in groups 
(Mercier, Shehab, & Kessler, under review). Despite the richness of the findings from these 
studies and their valuable implications on classroom practice, more studies that analyze student 
interactions of multiple groups as they solve authentic problems in the context of face-to-face 
higher education classrooms are still needed. Unlike existing studies, these studies must 
separately analyze the cognitive, meta-cognitive, and collaborative dimensions that determine the 
quality of student interactions in a group (Kaendler et al., 2015). They must detect the interaction 
moves that are associated with each dimension and are classified by researchers as productive, 
and effective in helping students think collectively (Gillies, 2013; Littleton & Mercer, 2013). 
Examples of these moves include giving reasons, negotiating ideas, and asking questions 
(Hmelo-Silver & Barrows, 2008; Gillies, 2016; Mercer & Littleton, 2007). Such analysis can 
unravel the complexity of student interactions and provide a deeper comprehensive 
understanding of how group members interact and think together as they solve authentic 





Group Progress Towards the Goal of Solving the Task 
In face-to face STEM classrooms, studies have shown that participating in high quality 
interactions during collaborative problem solving can positively influence students’ learning of 
content and development of 21st century skills (e.g. Mercer, 1996; Gillies, 2016; Webb et al., in 
press). However, in most of higher education STEM classrooms, engaging students in high 
quality interactions is not the only goal. Curricular and time constraints impose another 
important goal that is to have groups make progress and arrive to a final solution of the task. For 
many instructors, this is an indicator that group members have practiced using their content 
knowledge to solve the assigned task. Thus, the group progress on the task is an important 
measure that can indicate if groups are figuring out ways and iterating steps that are required to 
proceed towards a final solution of the task during the activity, especially if the task is complex 
and has multiple solutions or multiple solution paths. Besides, when assessed at the end of the 
activity, this measure can be used to make decisions regarding the quality of the task and the 
conditions for its successful future implementations.  
Group progress is not a common measure in design-based research studies that take place 
in face-to-face collaborative problem solving STEM classrooms. This is because the purpose of 
these studies is usually to examine the influence of a certain design aspect on variables such as 
the quality of interactions. To achieve this purpose, researchers and practitioners coordinate to 
design a task that groups can complete outside the actual time boundaries of the classroom. 
Nevertheless, design-based implementation research studies that take place within the actual time 
boundaries of the classroom use instruments that assess the group progress towards the goal of 
solving the task (e.g. Chiu, 2004; Joyce-Gibbons, 2017). In light of this and given the importance 
of group progress in higher education classrooms, studies that investigate how students work in 
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groups to solve authentic problems in these classrooms must track the groups’ progress on the 
task during the activity. Moreover, these studies must examine the interplay between this 
measure and the quality of student interactions in groups in order to understand if the quality of 
student interactions can influence the group progress and vice versa. Results from these studies 
can provide teachers with recommendations on when and how to intervene with groups. They 
can also provide task designers with recommendations on the design of the task and the content 
of any scaffolding tools such as scripts.   
The Role of the Teacher in Collaborative Problem Solving STEM Classrooms 
The role of the teacher in orchestrating collaborative problem solving activities in face-
to-face STEM classrooms has been addressed by recent work (Fung & Lui, 2016; Furberg, 2016; 
Gillies, Ashman & Terwel, 2008; Kaendler et al., 2015; Mercier & Higgins, 2015; Stein et al. 
2008; Webb, 2009). This is because teachers do not only play a critical role in planning the 
collaborative problem solving activity (e.g. designing appropriate task, assigning students to 
groups) but also, they can foster the quality of student interactions and the group progress 
towards the goal of solving the task during the activity. For example, Kaendler and her 
colleagues (2015) argued that teachers can implement monitoring, supporting, and consolidating 
strategies during a collaborative problem solving activity that can influence the three dimensions 
(collaborative, cognitive, and metacognitive) that determine the quality of student interactions. 
These strategies include listening to the students’ conversation, tracking students’ participation, 
diagnosing students’ misconceptions, giving an explanation of content or group’s goal, providing 
immediate or delayed feedback, and asking students for difficulties that occurred during the 
interaction or instances of productive interactions. Webb (2009) argued that teachers can 
implement strategies with the group and with the whole class during a collaborative problem 
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solving activity that can influence the quality of student interactions that promote cognitive 
restructuring. These strategies include carefully examining student interactions, probing student 
thinking so that they give further details about their problem solving strategies beyond their 
initial explanation, pressing students to explicitly explain their thinking and mental processes 
during group work, and discussing with students how to communicate their thinking to each 
other. In addition to strategies that teachers can implement to improve the quality of student 
interactions in the group during a collaborative problem solving activity, teachers can also 
implement strategies that can influence the group progress towards the goal of solving the task. 
These strategies include asking questions to evaluate how far the group is from reaching a final 
solution to the task, answering individual questions that are related to solving the task, guiding 
students through the process of solving the task, and suggesting a solution procedure that 
students can work on in order to make progress towards solving the task (Cohen, 1994; Chiu, 
2004; Webb, 2009).  
Although research on the role of the teacher in orchestrating collaborative problem 
solving activities recommends many strategies that teachers can implement to improve the 
quality of student interactions and the group progress towards the goal of solving the task, only 
few studies examine the strategies that teachers actually use in natural settings, such as face-to-
face collaborative problem solving STEM classrooms, and the impact of these strategies on the 
quality of student interactions (Franke et al., 2009; Hofmann & Mercer, 2016; van de Pol & 
Elbers, 2014; Webb et al., in press) and group progress towards the goal of solving the task 
(Chiu, 2004; Meloth & Deering, 1999). For example in a recent study, Webb and her colleagues 
(in press) studied how teachers supported student interactions in groups of elementary students 
as they worked on solving a mathematics task. They found that teachers can support students’ 
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explanation of their own ideas by probing students’ thinking so they give further details about 
their problem solving strategies beyond their initial explanations. They also found that teachers 
can support students’ engagement with other’s ideas by not only taking an initial move to 
encourage students to engage with each other’s ideas (e.g. encourage students to ask each other 
questions) but also, by proceeding the initial move with a follow-up move that provides students 
with a starting point to engage with other’s ideas (e.g. asking a question to one student that can 
draw his or her attention to an idea presented by another student). In another example, Chiu 
(2004) studied how teachers supported the group progress towards the goal of solving the task in 
the context of ninth grade mathematics classrooms. He found that teachers can positively impact 
the group progress on the task only when they first evaluated students’ work before providing 
content-related help.  
The results of these studies provide insights on the strategies that teachers can use in the 
context of face-to-face collaborative problem solving STEM classrooms and the impact of these 
strategies on the quality of student interactions and group progress towards the goal of solving 
the task. Nevertheless, most of these studies take place in the context of K-12 mathematics and 
science classrooms where students solved complex tasks that were not necessarily similar to 
what students may encounter in their future STEM workplaces. The field still needs similar 
studies in the context of higher education collaborative problem solving STEM classrooms 
where students solve authentic tasks that are similar to those that students will encounter in 
future STEM workplaces. Such studies may lead to findings that differ from findings of studies 
that are conducted in K-12 contexts given the time, curricular, and discipline constraints that 
control the objectives, scope, and sequence of higher education courses. In addition, higher 
education STEM classrooms, such as laboratory and recitation sessions, where collaborative 
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problem solving may be implemented are usually taught by graduate teaching assistants who, 
unlike many K-12 teachers, may know very little about teaching and learning.  
In the context of higher education, Hmelo-Silver and Barrows (2008) examined the 
strategies that an experienced teacher used to facilitate knowledge building between five second-
year medical students as they worked on the problem of a patient with pernicious anemia. 
Findings indicated that the teacher was implementing strategies that helped the group members 
to actively participate in collaborative knowledge building discourse and make progress towards 
the goal of solving the task. These strategies included asking open-ended questions, offering only 
few content-related ideas or prompts when needed, and not making evaluative comments. 
Although these findings elucidate some strategies that teachers can use to foster student 
interactions and group progress as students are working on an authentic task, more studies are 
needed in the context of actual face-to-face higher education STEM classrooms where more than 
one group are working to solve an authentic task and a novice teacher, such as a teaching 
assistant, is using strategies that can foster or hinder student interactions and group progress 
towards the goal of solving the task. Findings from such studies can be used to construct models 
for orchestrating higher education collaborative problem solving STEM classrooms that aim at 
helping students learn content and develop 21st century skills such as collaboration and problem 
solving. They can also be used to understand what general teaching strategies can be effective 
across different higher education collaborative problem solving STEM classrooms and what 
kinds of adaptations are required. In addition, findings from such studies can enrich the content 
of professional development courses and workshops that aim at preparing teachers in general and 
teaching assistants in particular for orchestrating higher education collaborative problem solving 
STEM classrooms.  
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The Role of the Teaching Assistants in Collaborative Problem Solving Higher Education 
STEM Classrooms 
 Teaching assistants are students who are pursuing graduate degrees and are responsible 
for assisting professors in teaching certain assigned higher education courses (Occupational 
Information Network, 2013). Usually, they perform duties such as lecturing in introductory 
courses, leading laboratory sessions, and running recitation sessions. While performing their 
teaching duties, teaching assistants are expected to play the role of formal teachers by 
implementing various teaching practices such as presenting information, emphasizing certain 
concepts, communicating with students, and assessing students’ outcomes (Luft, Kurdzeil, 
Roehrig, & Truner, 2004). Consequently, teaching assistants play a significant role when 
implementing instructional approaches in higher education classrooms.  
In light of the demand of current STEM workplaces for employees that have expertise in 
STEM content and the 21st century skills, many higher education institutions are implementing 
constructivist teaching approaches in their face-to-face higher education STEM classrooms. In 
these classrooms, students are engaged in collaborative problem solving activities where they 
work in groups to solve authentic problems that are similar to what they may encounter in their 
future STEM workplaces. Studies that report the use of these activities mention that teaching 
assistants favor them over traditional teaching methods (Franke, Laby, & Elata, 2003); 
nevertheless, little is known about the strategies that teaching assistants implement to orchestrate 
these activities and the impact of these strategies on student interactions and the group progress 
towards the goal of solving the task during these activities.  
One study, in the context of undergraduate engineering classrooms, examined the types 
of intervention that the teaching assistants used with groups while solving sets of structured, 
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algorithmic tasks over a period of four consecutive weeks (Mercier, Shehab, & Kessler, under 
review). The authors noted whether the teaching assistant or a student in a group initiated the 
interaction and coded the content of the interaction as content-focused or collaboration-focused. 
Findings showed that out of 101 total interactions between the teaching assistants and the groups, 
the teaching assistant initiated 56 interactions while the students initiated 45 interactions. In 
addition, 99 interactions were content-focused, one was collaboration-focused, and one was both 
content and collaboration-focused. These findings indicated that the teaching assistants were 
intervening with the groups during the collaborative problem solving activities; however, their 
interventions were mostly content-focused. Similar studies are needed to understand when and 
how the teaching assistants are deciding to intervene and the impact of the intervention on the 
quality of student interactions and group progress especially when the task is authentic and ill-
structured. Findings from these studies will serve in designing preparation programs for teaching 
assistants so that they can effectively orchestrate collaborative problem solving activities in face-
to-face STEM classrooms. These programs are urgently needed because, first, research have 
shown that teaching assistants start their teaching positions with a limited teaching experience 
that often slowly develops by trial and error (Marbach-Ad, Egan, & Thompson, 2015) and they 
rarely receive guidance or feedback about their teaching practices (DeChenne, Enochs, & 
Needham, 2012). Second, research have shown that even experienced teachers still face 
difficulties when implementing collaborative problem solving in their classrooms (Gillies & 
Boyle, 2010).  
In light of the importance of student interactions and group progress towards the goal of 
solving an authentic task, a teaching assistant must orchestrate a collaborative problem solving 
activity in a face-to-face higher education STEM classroom by implementing strategies that can 
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positively impact student interactions and group progress towards the goal of solving the task 
during the activity. Over the classroom duration, these strategies must take place prior to the 
beginning of the activity, during the activity, and at the end of the activity (Jonassen, 1999; 
Kaendler et al., 2015; Nelson, 1999).   
Implementing framing strategies prior to the beginning of the activity. Framing 
strategies that a teaching assistant can implement prior to the beginning of the activity can be 
teacher-led and may or may not involve students’ participation. These strategies can be task-
focused or collaboration-focused. Task-focused strategies aim at supporting students’ 
understanding of the task and its goals. They include stating the goals of the task, explaining a 
concept that is related to the task, describing one or more steps that are required to solve the task, 
or answering a student’s question about the task. This type of strategies is supported by research 
that have shown that when students have a good shared understanding of the point and purpose 
of the task, they tend to engage in group processes that promote learning (Meloth & Deering, 
1999; Mercer, 1996; Hmelo-Silver & Barrows, 2006).  
Collaboration-focused strategies aim at constructing and reinforcing classroom norms 
about student collaboration (Webb et al., in press). They include encouraging students to 
elaborate on each other’s ideas, ask each other questions, and monitor the progress of their group 
towards the goal of solving the task. They can also include discussing with students the rules for 
successful collaboration. This type of strategies is supported by research that have shown that 
students do not engage in group processes, such as building arguments, unless a set of ground 
rules that define quality collaboration is established between the teacher and the students (Gillies, 
2016; Mercer, 1996; Webb et al., 2008).  
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Although research suggests that strategies that teachers implement prior to the beginning 
of a collaborative problem solving activity may impact how groups work (Hmelo-Silver & 
Barrows, 2006; Kaendler et al. 2015), only few empirical studies have examined this issue. 
Baker et al. (in press) investigated how teacher framing strategies that provide structure and 
autonomy support, such as promoting student ownership of the discussion, adapting rules to meet 
student needs, involving students in collaborative rule-setting, and encouraging active student 
engagement, can influence fourth-grade students’ engagement in collaborative reasoning. The 
average duration of implementing these strategies prior to the beginning of the activity was 1 
minute and 26 seconds. Despite that the durations of these framing strategies were brief, a major 
finding from this study was that the use of framing strategies that involve students in 
collaborative rule-setting prior to collaboration is positively related to students’ engagement in 
collaborative reasoning. This finding is notable in light of research that claims that when framing 
strategies are brief (between 1 and 5 minutes) or vague, they may not impact collaboration 
(Meloth & Deering, 1994, 1999). Similar studies are needed in the context of higher education 
face-to-face STEM classrooms where students work in small groups to solve authentic problems. 
These studies must explore the framing strategies that the teaching assistants implement prior to 
the beginning of the collaborative problem solving activity and examine the impact of these 
strategies on student interactions and group progress towards the goal of solving the task. Also, 
these studies must take into consideration factors that can mediate the effectiveness of these 
strategies such as students’ attention during the implementation of these strategies and the 
duration of implementing these strategies.   
Implementing supporting strategies during the activity. During a collaborative 
problem solving activity in a face-to-face higher education STEM classroom where students are 
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solving an authentic task, teaching assistants must implement strategies that allow them to 
effectively intervene and support the groups as they solve the task. Implementing such strategies 
can be challenging given the complex dynamics that characterize the groups in such a classroom. 
For example, in one instance, a group may not be making progress towards the goal of solving 
the task because the group members lack the understanding of a critical concept that is associated 
with the task. In another instance, a group may not be making progress towards the goal of 
solving the task because the group members are not engaged in high quality interactions that 
allow them to effectively discuss and reach consensus on a step that is required to solve the task. 
In a third instance, a group may be making progress towards the goal of solving the task; 
however, not all the group members are engaged in high quality student interactions which is 
critical for learning about the concepts associated with the task and practicing and internalizing 
21st century skills such as collaboration and problem solving. 
While all three instances require the teaching assistant to intervene with the group, the 
questions of when and how to intervene are key. In order to answer these questions, teaching 
assistants must first implement monitoring strategies such as observing the groups’ activity and 
listening carefully to the groups’ discussions (Cohen, 1994; Kaendler et al., 2015; Webb, 2009). 
Monitoring strategies allow the teaching assistants to a) attend to important student behaviors 
that indicate (or not) the occurrence of high quality student interactions (Kaendler et al., 2016), 
b) evaluate the group progress on the task (Chiu, 2004) and c) compare the interactions and 
progress on task of different groups with each other and with the intended quality of interactions 
and progress on task over the class duration. This leads the teaching assistants to spot moments 
of optimal behaviors among group members at different stages of solving the task. Research 
suggests that these actions have implications on the timing, type, and content of the intervention 
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strategies that a teacher may implement to support the groups during the activity (Kaendler et al., 
2015, 2016). For example, in one instance, a teaching assistant observes that one group has 
proposed a wrong procedure to solve the task at the beginning of class. Instead of intervening to 
inform the group members that their proposed procedure is wrong then suggest a correct 
procedure, the teaching assistant can intervene to encourage the group members to evaluate their 
procedure by discussing with each other why the proposed procedure may not lead to a correct 
final solution of the task. This creates the opportunity for the group members to participate in 
high quality interactions which may eventually lead them to figure out why their current 
procedure is wrong and come up with a correct alternative. In another instance, a teaching 
assistant evaluates the progress of several groups towards the goal of solving the task prior to 
fifteen minutes before ending the activity. He notices that most groups are still stuck on iterating 
the first step of solving the task because of the lack of understanding a critical domain concept. 
Instead of intervening with each group, the teaching assistant can intervene by interrupting the 
work of all groups to explain the concept to the whole class. This may help the group members 
make progress towards the goal of solving the task in the short remaining time before the 
teaching assistant announces the end of the activity. 
Timing of the intervention. Building on the outcomes of the monitoring strategies, the 
teaching assistants can decide to either intervene immediately or delay the intervention with the 
groups. While intervening immediately may prevent the group members from staying silent or 
stuck, delaying the intervention may stimulate the group members to trigger interactions or find 
their own mistakes (Kaendler et al., 2015). The questions of which group situations require 
immediate versus delayed interventions and how long a teaching assistant must wait before 
initiating an intervention are not yet explored and remain open.  
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Group-level interventions. After deciding to intervene, the teaching assistants can initiate 
group level interventions to provide support for one group. Group level interventions are 
instances where the teaching assistant interrupts the activity of one group to address one or more 
group members or engage in a discussion with one or more group members. These interventions 
are initiated either by the teacher or by a group member who may have an open or specific 
question (Chiu, 2004; Mercier, Shehab, & Kessler, under review). However, these interventions 
must be adapted to deal with the group situation at a specific time during the collaborative 
problem solving activity. Research shows that when teachers adapt the group level interventions 
to what the groups actually need, they can positively influence the group activity (Chiu, 2004; 
Jadallah et al., 2011; Webb et al., in press).  
The few studies that have investigated how teachers adapt their group level interventions 
to what the group needs during a collaborative problem solving activity (e.g. Chiu, 2004; 
Hofmann & Mercer, 2016; van de Pol & Elbers, 2013; Webb et al., in press) can provide insights 
on how the teaching assistants can adapt their group level interventions to support the groups as 
they solve an authentic task. First, when teaching assistants approach the groups, they must avoid 
using authoritative or directive strategies immediately. Chiu (2004) found that interventions 
where teachers initially avoided giving immediate high levels of task-related help (e.g. giving the 
solution procedure) had the largest possible impact on the groups’ time on task and problem 
solving. Instead, teaching assistants must initiate interactions with the groups without taking the 
lead in the solution process. This can happen by inviting the group members to say what they are 
thinking about and actively listening to what they say in situations where the group is not 
proposing ideas or is proposing incorrect ideas (Hofmann & Mercer, 2016). This can also happen 
by inviting the group members to ask specific task-related questions in situations where the 
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group was off-task, had little overall progress, or had little recent problem solving (Chiu, 2004). 
These initiating moves help the teaching assistants gain a better understanding of what the 
groups need by giving the teaching assistant the opportunity to further understand the students’ 
difficulties and be helpful without immediately evaluating the students’ ideas or providing 
answers (Chiu, 2004; Hmelo-Silver & Barrows, 2008; Hofmann & Mercer, 2016; Webb, 2009; 
Webb et al., in press).  
After initiating interactions to ascertain the groups’ difficulties, the teaching assistants 
must implement follow-up moves that provide the groups with support that focuses on task-
related issues or collaborative-related issues. Task-related support can be explicit and include 
moves such as telling the group the solution processes or giving the group tips that can help in 
solving the task or focusing the group’s attention on certain concepts or aspects of the task (Chiu, 
2004). It can also be implicit (dialogic) and include moves such as repeating relevant task-related 
ideas expressed by the group, asking questions to probe and explore the group’s understanding of 
the task, pushing the group members to clarify and elaborate on their ideas, encouraging the 
group members to compare and test each other’s proposals for solving the task, or proposing 
resources that may help the group members in thinking about the task (Hofmann & Mercer, 
2016; Webb et al., 2009; Webb et al., in press). While explicit task-related support may help the 
group make progress on the task, especially if it was provided after implementing initiating 
moves that allow the teacher to tie the support to the difficulties that the group is facing (Chiu, 
2004; Cohen, 1994; Meloth & Deering, 1999), some researchers argue that explicit task-related 
support may reduce the chances for the group members to interact or participate in high quality 
interactions (Hogan, Nastasi, & Pressley, 1999; Webb, 2009; Webb et al., 2009). They advocate 
providing the group with implicit task-related support, which is shown to positively influence the 
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quality of the interactions among the group members (Gillies & Khan, 2008; Webb et al., in 
press). However, weather implicit task-related support can directly or indirectly influence the 
group progress towards the goal of solving the task remains an open question. In addition, 
empirical studies are still needed to identify in which group situations and at what stage during 
the activity explicit task-related support may be more beneficial than implicit-related support and 
vice-versa.  
In addition to task-related support, the teaching assistants can implement follow-up 
moves that provide the groups with collaborative-related support. Collaborative-related support 
include moves such as making reference to round rules, directing one or more group members to 
join the group conversation, or asking the group members to participate more equitably and 
consider each other’s ideas. While research shows that this type of support can positively impact 
the quality of interactions within groups especially if the teacher has set ground rules prior to the 
collaborative problem solving activity (Gillies, 2016; Hofmann & Mercer, 2016), more studies 
are needed to examine in which group situations and at what stage during the activity teachers 
provide collaborative-related support, even if they did not set ground rules prior to the activity. 
The direct or indirect impact of this type of support on the group progress towards the goal of 
solving the task is also understudied.  
Whole-class interventions. After deciding to intervene, the teaching assistants can initiate 
whole class interventions to provide support for the groups during the collaborative problem 
solving activity. Whole-class interventions can be defined as instances where the teaching 
assistant interrupts the activity to address the whole-class or engage in a discussion with the 
whole class before resuming the activity. These interventions are usually un-planned and are 
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initiated only by the teacher. They may or may not involve students’ participation. They aim at 
providing the groups with task-related or collaboration-related support.  
Studies that examined group situations that led to whole-class interventions and the 
duration and type of such interventions in actual classrooms are scarce (e.g. Joyce-Gibbons, 
2017). Joyce-Gibbons (2017) examined how two researchers (in the teacher’s role) implemented 
un-planned whole-class interventions with groups of 10 and 11 years old students who were 
solving mathematical tasks in a laboratory classroom. He found out that the durations of the 
whole-class interventions varied greatly, and each teacher initiated and conducted them in 
different ways for different reasons. One teacher initiated all his whole-class interventions 
immediately following an interaction with one of the groups. During each of these interactions, 
this teacher found that the group was solving the task under a particular misconception which is 
preventing the group from completing the task. The teacher initiated the whole-class intervention 
to alert all the groups about the misconception. The other teacher initiated all his whole-class 
interventions after a period of silent observation of the groups. During this period, this teacher 
compared the progress on the task of all the groups with each other to identify the leading group 
which has progressed furthest towards the goal of solving the task. Then, the teacher initiated a 
whole-class intervention and implemented instructional strategies (e.g. asking the students what 
the question is about) to ensure that all groups have reached a uniform stage in their reasoning 
which is in parallel to that of the leading group.  
The results from the reviewed study suggest that the monitoring strategies of the teachers 
and their group-level interactions influence the timing and type of whole-class interventions. 
Nonetheless, the teachers in Joyce-Gibbons’s (2017) study only provided the groups with task-
related support. Similar studies are needed to examine group situations that may provoke 
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teachers to initiate whole-class interventions to provide the groups with collaboration-related 
support by explicitly emphasizing on the students’ responsibilities to explain their ideas and 
challenge others during group work. Besides, Joyce-Gibbons (2017) argues that whole-class 
interventions may have positive or negative impacts on different groups; however, he did not 
investigate the possible impact of the whole-class interventions on the group activity. Further 
studies must interrogate the impact of the whole-class interventions on the group activity such as 
the quality of the interactions and group progress towards the goal of solving the task.  
Implementing consolidating strategies at the end of the activity.  At the end of a 
collaborative problem solving activity in a face-to-face higher education STEM classroom where 
students are solving an authentic task, teaching assistants must implement strategies to 
consolidate the groups’ work. These strategies are important given that authentic tasks have 
multiple solutions or multiple solution paths, and groups may have found different correct, 
incorrect, or incomplete solutions. These strategies can be task-focused or collaboration-focused. 
Task-focused consolidation strategies aim at supporting students’ understanding of how to solve 
the task, or of concepts or misconceptions that are associated with the task.  Examples include 
asking different groups to present different solutions to avoid redundancy (Kaendler et al., 2015), 
then, discuss the differences between the solutions with the whole class to improve students’ 
metacognition (Loibel & Rummel, 2013). Another example is asking students to explain task-
related concepts and how they used these concepts to solve the task.  
In addition to task-focused consolidating strategies, the teaching assistants can implement 
collaboration-focused consolidating strategies that aim at helping students reflect on their group 
performance during the activity. Examples include commenting on moments of optimal 
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behaviors or asking students to talk about collaborative instances that they may think helped 
them overcome certain difficulties as they solved the task.  
Although research suggests that strategies that teachers implement at the end of the 
collaborative problem solving activity may be beneficial (Kaendler et al. 2015), no empirical 
studies have yet investigated the impact of these strategies on individual learning or collaborative 








This study was a part of a three-year design-based research project that started in Fall 
2014. The project (CSTEPS) aimed to develop tools to support students and teachers during 
collaborative problem solving in undergraduate engineering courses. This study was designed to 
understand the collaborative problem solving process in undergraduate engineering classrooms 
by exploring student interactions within groups, groups’ progress on the task, and the strategies 
that the teaching and course assistants implemented to orchestrate the classroom as the groups 
solved the tasks. A qualitative exploratory design was used in this study (Creswell & Creswell, 
2017; Marshall & Rossman, 2016). Video data of small groups solving authentic engineering 
tasks in undergraduate engineering classrooms was collected. In qualitative studies that take 
place in natural settings, video data has been shown valuable for documenting major events, 
describing complex interactions, and providing information about the context (Marshall & 
Rossman, 2016). Specifically, in studies that examine the activity of small groups in actual 
classrooms, video data has been shown to be useful for conducting different types of analyses, 
such as interaction analysis (Jordan & Henderson, 1995), conversation analysis (Koschmann, 
2013), and verbal analysis (Jeong, 2013).  
The Context of the Current Study 
Under the CSTEPS project, several studies have been conducted in the context of an 
introductory engineering course at a large public university in the Midwest. This course is 
required for the majority of engineering students at the university. Approximately 650 students 
take this course during the Fall semester and 350 students take it during the Spring semester. The 
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course runs for 14 weeks during each semester. Students who take the course are required to 
attend three 50-minute lectures and one 50-minute discussion section each week. Two faculty 
members teach the lectures, each teaching one of two weekly lecture sections. Graduate 
Teaching and undergraduate course assistants teach the 50-minute weekly discussion sections 
that are offered at different days and times. Teaching assistants (TAs) are graduate students in 
engineering; course assistants (CAs) are undergraduate students who have taken this course in 
earlier semesters.  
During the discussion section, students work in groups on one task or a set of tasks that 
are related to the engineering concepts that are covered during the lectures. The task(s) are 
usually printed on worksheets that are distributed to each student at the beginning of the 
discussion section. During the discussion section, teaching assistants grade the students based on 
their participation in the group and progress on the worksheet. The teaching assistants are 
encouraged to give full marks unless a student does not show up or does not collaborate with the 
other group members. Discussion sections are worth 8% of the student’s final grade on the 
course.  
The data for this work was collected in four 50-minute discussion sections over a period 
of one week. During that week, the four sections took place on the same day at different times in 
a laboratory classroom. One teaching assistant taught two discussion sections along with two 
course assistants. During each section, students worked in small groups to solve the same 
authentic engineering task that was on digital worksheets on 11-inch tablets, with project 
software installed (see Figure 3.1). Each student had one tablet; tablets of students in the same 
group were synchronized, so that members of each group worked on, and contributed to, the 





Figure 3.1: Three students in the same group working on the task 
 
Table 3.1 
Description of the Discussion Sections in the Current Study  
 
Task Title  Section 1 Section 2 Section 3 Section 4 
Distributing Objects on a Shelf TA Austin Austin Joey Joey 
CAs Tom & Ted Tom & Jim Tom & Jim Tom & Ted 
 
Participants 
The participants in this study were two TAs (Austin and Joey), three CAs (Tom, Ted, and 
Jim), and 45 undergraduate engineering students (29 males, 16 females) in 14 small groups.  
Neither TA had any prior teaching experience when they started teaching these sections nor had 
they attended any professional development on teaching in a collaborative problem solving 
classroom. The TAs had only attended a general one-day training session offered by the 
university. The CAs were undergraduate students who have taken the engineering course in 
earlier semesters; they had not received any training. The faculty members responsible for the 
course met weekly with all the TAs and CAs to provide framing for the learning and teaching 






 Research on collaborative problem solving in engineering suggests that tasks used in 
engineering courses should reflect the workplace problems by having multiple solutions with 
multiple solution paths (Jonassen, Strobel, & Lee, 2006). This makes these tasks challenging, 
motivating, and appropriate for collaborative problem solving. The CSTEPS project included 
designing such tasks that can support collaboration between engineering students. To do so, the 
author used a four-steps framework that was developed by Shehab & Mercier (2017). The four 
steps were: 1) setting goals and objectives of the task, 2) finding real-life applications of the key 
concepts associated with the task, 3) completing the task template presented in Table 3.2, and 4) 
evaluating the designed task through pilot testing.   
Table 3.2 
Template for Problem Design (From Shehab & Mercier, 2017) 
 
Part # Title Description 
Part 1 Introduction  A short story that contextualizes the problem in an authentic 
situation. It is based on the real-life application of the key 
concepts. It is usually supported by figures.  
Part 2 The problem  A short description of the problem.  
Part 3 Your task A description of task(s) that students are expected to achieve in 
their groups in order to solve the problem in a specific time.  
Part 4 Supplementary 
material 
Numbers, figures, tables, and/or any other information that the 
group members may need to solve the problem. 
Part 5 Tools Scaffolding tools that the group members can use to write a plan 
and/or sketch any diagrams to solve the problem. 
 
 During the discussion sections of this study, the students worked in their small groups on 
a task titled “Distributing Objects on a Shelf” (see Appendix A). In order to complete the task, 
students needed to use the given supplementary material and tools to discuss issues and preform 
calculations to come up with one recommended and one prohibited distribution of three books 
and one radio on an actual shelf in a small store that sells household supplies. To solve the task, 
students needed to make decisions related to the locations of the objects on the shelf and the 
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loads they exert on this shelf. They also needed to solve for the reaction forces and moments and 
use the calculated values to evaluate whether the distribution they proposed is recommended or 
prohibited.  
Technology 
 Research on computer-supported collaborative learning promotes the use and design of 
technological devices and software that can facilitate students’ collaboration and learning. 
Research studies have shown that the use of technology can foster collaboration in face-to-face 
classrooms by helping students perform joint activities (e.g. Mercier & Higgins, 2014; Mercier, 
Vourloumi, & Higgins, 2017). Supported by findings from these studies, the CSTEPS project 
aimed at developing the appropriate tools that can help undergraduate engineering students to 
jointly sketch representations and solve problems in groups. To do so, software was developed 
by the research team. The software allowed the teaching assistant to use the email addresses of 
the students to create the groups before the beginning of the discussion section. At the beginning 
of the discussion section, students use their 11-inch tablets to log into the software by typing 
their email addresses. The software automatically synchronizes the 11-inch tablets of students in 
the same group so that they can work on and contribute to the same digital worksheet of the task.  
Data Collection Procedures 
This study uses a subset of a larger corpus of data that was collected in the undergraduate 
engineering discussion sections during the third year of the CSTEPS project to compare the 
quality of students’ interactions between groups who solved the task using synchronized tablets 
and those who solved the task using multi-touch tables. In the next section, the data collection 
procedures that took place during the third year of the CSTEPS project will be reported; then, the 
data that was used in this study will be described.  
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At the beginning of the Fall 2014 semester, the principal investigator of the project asked 
the instructors, TAs, and CAs of the introductory engineering course for consent to participate in 
the project. All instructors, TAs, and the CAs agreed to participate in the study. Then, the 
principle investigator visited four discussion sections of the introductory engineering course. 
These sections took place on the same day. During the visit to each section, the principle 
investigator explained the purpose of the project and informed students that their weekly 
discussion section during the eighth, ninth and tenth week of the semester will take place in a 
laboratory classroom at the College of Education. Also, the principle investigator asked the 
students to give consent to participate in the research and to be video recorded during these three 
weeks. More than 95% of the students in the four sections gave consent to be video recorded 
during the three weeks of data collection.  
During each of the three weeks of data collection, the four 50-minutes discussion sections 
took place in a laboratory classroom at the College of Education. Each section was taught by one 
TA and two CAs. Students in each section were preassigned to groups using a software that the 
instructors of the course used at the beginning of the semester (the students had been working in 
these groups since the third week of the semester). Each section had either seven or eight groups. 
The number of students per group ranged from two to five.  
During the first week of data collection, groups were randomly assigned to either the 
synchronized tablets condition or the multi-touch table condition, with approximately half the 
groups in each section in the table condition, and the other half in the tablet condition. Students 
in groups that were assigned to the synchronized tablets condition had the task on 11-inch tablets 
with project software installed. Tablets of students in the same group were synchronized, so that 
students of each group worked on, and contributed to, the same document. Students in groups 
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that were assigned to the multi-touch table condition had the task on 55-inch multi-touch tables 
with project software installed. Each group had one table.  
In each discussion section, students who did not give consent were put in the same group 
(as in most cases there were not sufficient students who did not give consent, the group was 
made up to a maximum of 4 students with those who had given consent; data was not recorded 
from these students). These group was randomly assigned to one of the two conditions; these 
groups were not recorded. During the second week of data collection, groups that were assigned 
to the tablet condition in the first week of data collection were assigned to the multi-touch table 
condition and vice versa. During the third week of data collection, the groups were switched 
again.  
Across the three data collection weeks, a total of twelve 50-minutes discussion sections 
were video recorded using a fisheye camera that was installed in the center of the ceiling of the 
laboratory classroom. Each group in each of the twelve sections was video recorded using an 
individual camera that was installed in ceiling of the laboratory classroom. After each week of 
data collection, the video recordings from all cameras were exported.  
This study used the video recordings from the fisheye camera and the individual cameras 
that were collected in each discussion section that took place during the second week of data 
collection. The first week in the lab was used to allow students and TAs to become familiar with 
the context and tools, and is not used for analysis.  The study only used the video recordings of 
the groups in the tablets condition in week two. Table 3.3 shows the number of collected video 
recordings of groups from the individual cameras in the four discussion sections week two of 






Number of Collected Video Recordings of Groups in the Tablets Condition 
 
Week Number Section 1 Section 2 Section 3 Section 4 Total Videos 
2 2 4 4 4 14 
 
Data Analysis  
 Each of the collected video recordings shown in Table 3.3 was transcribed in a play-
script format. In order to answer the research questions, the video recordings and the transcripts 
were used to conduct the following analysis steps: 
 Step 1: Episode coding. To identify what the groups were doing throughout the 
collaborative problem solving activity, each of the 14 collected videos and transcripts were 
coded using the emergent coding scheme that is described in Table 3.4. Codes were applied at 
the turn level and were mutually exclusive. To evaluate the interrater reliability, two researchers 
coded two randomly selected videos. Cohen’s kappa was .89. Disagreements were discussed to 
reach agreement.  
Table 3.4 
Problem Solving Coding Scheme 
 
Code Definition Example 
Approaching the task Turns about how to solve the task, such 
as making sense of the task context 
(e.g., reading instruction out loud, 
checking task information given or the 
goal of the task) and making decisions 
on how to approach or solve the task. 
 
“Now it's time to find 
one that breaks. I feel 
like we should put them 
literally all stacked on 
top of each other.” 
Solving the task Turns about problem solving (e.g. the 
application of concepts, procedures, 
formulas, relationships to solve the 
task). 
 
“Where'd you get 0.02?” 
Other 
 
On-task turns that are not approaching 
or solving the task 
“You're gonna like look 
over this way and just 
gonna, like, not 
understand any of it.” 
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Table 3.4 (continued) 
 
Code Definition Example 
Off-task talk 
 
Off-task turns including turns related 
to technology that are not related to 
the problem-solving process. 
“I had to go back home 
to bring my umbrella.”  
 
Next, the coded turns of each transcript were used to divide the video into a set of 
consecutive thematic episodes (see Table 3.5). These episodes can be interactive, silent or TA 
episode. An interactive episode begins when at least two group members start to verbally interact 
with one another under one theme (e.g. discussing how to solve the problem) and ends when they 
stop interacting or when they switch to interact under another theme (e.g. performing 
calculations and checking answers).  An interactive episode can be coded as Approaching the 
task, Solving the task, or Off-task talk; it is composed of a set of consecutive turns where the 
majority are coded as one of the codes. This means that an Approaching the task episode, for 
example, can still include a few other turns that are coded as Off-task talk or Solving the task; 
however, these turns should be random or if consecutive they must not interrupt the theme. Note 
that if two or more group members were engaged in off-task talk and two or more group 
members are engaged in on-task talk, the episode counted as an on-task episode (Approaching 
the task or Solving the task) that included off-task turns. Also note that if two or more group 
members were engaged in off-task talk and one or more group members were quietly solving the 
task, the episode counted as Quiet on task episode that includes off task turns.  
A silent episode begins when the group members stop interacting verbally for more than 
10 seconds (based on watching many videos, it was determined that this length of time will most 
likely interrupt the theme) and ends when at least two group members start to verbally interact 
with one another or when at least one group member starts to verbally interact with the TA or 
CA. A silent episode can be coded as Quiet task solving or Quiet off task.  
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A TA episode begins when at least one group member starts to verbally interact with 
either the TA or the CA or when the TA starts addressing the whole class. It ends when the 
interaction between the TA or CA ends or when the TA finishes addressing the whole class. A 
TA episode can be coded as TA/CA with group or TA with whole class.  
To evaluate interrater reliability on the episodes, two researchers coded two randomly 
selected videos. The percent agreement was 84%. Disagreements were discussed to reach 
agreement.  
Table 3.5  
Themes of the Episodes 
 
Episode Theme 
Approaching the task At least two group members are verbally interacting with one 
another on how to solve the task. 
 
Solving the task 
 
At least two group members are verbally interacting with one 
another to apply concepts, procedures, formulas, and 
relationships as they solve the task. 
 
Quiet task solving None of the group members are verbally interacting with one 
another or with the TA. 
 
Off-task talk  
 
At least two group members are verbally interacting with one 
another on an off-task topic. 
 
Quiet off-task  
 
None of the group members are verbally interacting; however, 
one or more members are engaged in an off-task activity (e.g. 
texting using cell phone). 
 
TA/CA with group 
 
At least one of the group members is verbally interacting with 
the TA or the CA. 
 
TA with whole class The TA is addressing the whole class and one or more of the 
group members is attentive.  
 
Using the consecutive thematic episodes of each video, a video graph was constructed to 
be able to track episodes that came before and after a TA/CA with group episode (see Figure 
3.2). Then, different coding schemes were used to analyze all the TA with whole class, TA/CA 
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with group, Approaching the task, and Solving the task episodes to answer the sub-questions that 
are shown in the video graph that is presented in Figure 3.2.  
 
 
Figure 3.2. Video graph of one group 
 
Step 2: Coding of the TA’s introductions. A TA’s introduction is a TA with whole 
class episode that is defined as the total time the TA spent addressing the whole class at the 
beginning of the discussion section. The duration of each introduction was recorded. Each 
introduction was coded using an emergent coding scheme (see Table 3.6) to identify the 
perceived function of each part of the introduction. To evaluate interrater reliability, two 
researchers coded the four introductions. The percent agreement was 95%. Disagreements were 














TAs’ Introductions Coding Scheme 
 
Code Definition  Example 
Asks for students’ 
attention 
The TA explicitly asks for 
students’ attention.  
“Okay guys we are gonna 
get started here, can I have 
your attention please.” 
 
Gives technology related 
instruction 
The TA stated instructions 
that are related to how to use 
the tablets.  
“If you haven’t signed in to 
the tablets or the tables or 
whatever go ahead and sign 




The TA checks for students’ 
understanding during the 
introduction. 
 
“So does anyone have any 
questions?” 
Offers availability for help The TA explicitly informs 
students that he and the CAs 
are available to answer any 
questions or help.  
 
“Please raise your hand if 
you have any technical 
issues or general confusion.” 
Gives task related 
instruction 
The TA states instructions 
that are related to how to 
approach the task. 
“For the first couple of 
minutes I would like 
everybody to read through 
the given information.” 
 
Gives simple description 
of the task 
The TA gives a general 
description of what the task is 
about. 
 
“We have a book shelf here.” 
Gives elaborate 
description of the task  
The TA describes the content 
of the task in relation to the 
structure of the worksheet. 
 
“If you look at the first page 
you have the shelf.” 
States the goals of the task The TA states the goals of the 
task. 
“Basically you need to come 
up with one recommended 






The TA states instructions 
that are generally-related to 
how students should 
collaborate in their groups to 
solve the task. 
“You are gonna be working 
with your groups, the 
emphasis being on 
collaboration and working 




Table 3.6 (Continued) 
 





The TA states instructions 
that are specifically-related to 
how students should 
collaborate in their groups to 
solve the task. 
“This is a collaborative task 
so make sure to include all 
group members in the 
discussion”  
 
 Next, to evaluate the attention status of the groups during the TA’s introduction, the 
behavior of each group member in each group was examined in order to code the group’s 
attention as none, partial, or full (see Table 3.7). To evaluate the interrater reliability, two 
researchers coded the attention status of three randomly selected groups. Cohen’s kappa was .95 
Disagreements were discussed to reach agreement. 
Table 3.7 
Group’s Attention Status 
 
Code Definition 
None All group members appear inattentive to what the TA is saying over the whole 
duration of the TA’s introduction (e.g. group members are working on their tablets, 
phones, or writing on papers) 
 
Partial At least one group member appears attentive to what the TA is saying over the whole 
duration of the TA’s introduction (e.g. group member gazes at the TA every now and 
then) 
 
Full All group members appear attentive to what the TA is saying over the whole duration 
of the TA’s introduction 
 
Step 3: Coding of student interactions. To identify how students were interacting to 
build on each other ideas, all turns from episodes coded as approaching the task and solving the 
task in each video were coded using the collaborative interactions coding scheme that is 
described in Table 3.8. Originally, this coding scheme was developed based on the interaction 
classification scheme used by Thomas (2002) to examine knowledge building during online 
interaction. Higgins and his collogues (2012) adapted this coding scheme and used it to code 
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student interactions in groups who were solving mystery tasks around large multi-touch tables.  
Mercier and her colleagues (under review) adapted this scheme and used it to identify the quality 
of collaborative interactions within groups of undergraduate engineering students who were 
solving algorithmic engineering tasks in actual classrooms. Two codes, self-talk and narration, 
were added to the scheme to account for turns where a student was thinking aloud without any 
attempt to interact. Codes are mutually exclusive. To evaluate the interrater reliability, two 
researchers coded two randomly selected videos. Cohen’s kappa was .80. Disagreements were 
discussed to reach agreement. 
Table 3.8 
Collaborative Interactions Coding Scheme 
 
Code Definition Example 
Self-talk 
 
Comments spoken without 
clear indication of 
anticipating a response 
from others (e.g., 
murmuring).  
 
Coded turn: (The speaker 
comments as she focuses on 
the tablet without facing 




Comments describing what 
the speaker is thinking or 
doing; intended for others 
(typically louder than self-
talk) but does not require 
others responding to the 
comments. 
 
Coded turn: (The speaker 
comments as she is solving on 
the tablet without facing 
others, but in more clear tone.) 
“Alright. And then sum of 
forces…this is x…pin x equal 
to zero, sum of the forces Y-” 
 
Independent – with Uptake 
 
Comment does not 
reference a previous turn; it 
is independent of the 
stream of interaction and is 
followed by a direct 
response from another 
group member  
 
 
Previous turn: “Yeah, because 
I never think of that as 
Google” 
Coded turn: “Okay, are there 
forces acting on this?” 







Table 3.8 (continued) 
 
Code Definition  Example 
Independent – with No Uptake Comment does not 
reference a previous turn; it 
independent of the stream 
of interaction and is not 
followed by a direct 
response from another 
group member  
 
Previous turn: “So, let us finish 
the prohibited distribution real 
quick” 
Coded turn: “Wait, so there is 
one or two shelves?” 
Next turn: “I do not think I can 
write on my tablet anymore”  
Quasi-interactive 
 
Refers to a previous idea of 
another but, does not build 
on it. 
Previous turn: “Oh no, it’s just 
0.4” 
Coded turn: “Really?”  
 
Interactive – elaborative 
 
Comment draws on a 
previous idea by others – 
elaborating on it. 
Previous turn: “Here you can 
just turn the books sideways” 
Coded turn: “Yeah, yeah, turn 
them sideways then the width 
will be the height, you know 
what I mean?” 
 
Interactive – negotiation 
 
Comment puts forwards an 
argument, either in 
agreement or disagreement, 
with a previous idea by 
others. 
Previous turn: “Is it more even 
when things are just in the 
center?” 
Coded turn: “But wouldn’t that 
cause bending?”  
 
Next, to identify how students were interacting to solve the task, all turns from episodes 
coded as approaching the task and solving the task in each video were coded using the cognitive 
interactions coding scheme that is described in Table 3.9. This coding scheme was adapted from 
studies that used coding schemes to code student interactions as they solved open-ended tasks 
(Hemlo-Silver & Barrows, 2008; Gillies, 2016; Guzey & Aranda, 2017). Codes were mutually 
exclusive. To evaluate the interrater reliability, two researchers coded two randomly selected 








Cognitive Interactions Coding Scheme 
 
Code Definition Example 
Mentions a new idea 
 
A student mentions a new 
idea not previously 
introduced 
“If we really wanna knock it 
out for a prohibited 
distribution, we could 
probably just stack them all 
on top of each other” 
  
Modifies an idea 
 
A student provides more 
details (elaboration, 
explanation, or 
clarification) about an idea, 
term, information, or 
relationship. 
 
“The more we distribute the 
weight, the less it is going to 
do anything internally” 
Accepts an idea A student indicated 
agreement with an idea 
 
“Yes, this is it” 
Rejects an idea A student indicated 
disagreement with an idea 
 
“No, I don’t think so” 
Asks an open question 
 
A student asks a question to 
stimulate further discussion 
“Can we say for assumptions, 
weight of object is evenly 
distributed?” 
Asks a simple question A student asks a question to 
check answer or clarify 
something 
“What was the length of the 
shelf?” 
Other Statements that do not fit 
into the previous categories 
or are unintelligible 
“Are we gonna…” 
 
Next, to identify the level of complexity of each statement that was coded using the codes 
presented in Table 3.9 (except Other), the level of complexity coding scheme that is described in 
Table 3.10 was used. This coding scheme was adapted from Hmelo-Silver and Barrows (2008) 
who used it to evaluate the level of complexity of medical students’ statements as they solved an 
open-ended problem.  Codes are mutually exclusive. To evaluate the interrater reliability, two 
researchers coded two randomly selected videos. Cohen’s kappa was .84. Disagreements were 




Level of Complexity Coding Scheme 
 
Code Definition Example 
Simple Claims or assertions 
without any elaboration or 
justification 
 
“I feel like it should be 
distributed” 
Elaborated Statements that include 
definitions, examples, 
comparisons, judgments, 
and predictions without 
reasoning 
 
“Alright, so they have a 16 
and this can add up to 16, 
then a 30, so possibly put the 
16 at the end and the 30 in 
the middle” 
Causal Elaborated Explanation of how an 
event or process occurs, 
how current state arose, or 
consequence of a process 
or event including 
justifications with targeted 
concepts 
“It won’t really matter that 
much cause we’re gonna 
have the same thing on the 
side” 
 
Next, to identify how students were interacting to monitor individual or group 
understanding or progress, the meta-cognitive interactions coding scheme that is described in 
Table 3.11 was used. This coding scheme was adapted from Hmelo-Silver and Barrows (2008) 
who used it to mark the meta-cognitive statements of medical students as they solved an open-
ended problem. This code was either applied or was not applied to each problem solving turn. To 
evaluate the interrater reliability, two researchers coded two randomly selected videos. Cohen’s 














Metacognitive Interactions Coding Scheme 
 
Code Definition Example 
Meta A student explicitly assigns 
duties to other group members 
 
A student follows up on 
assigned duties  
 
A student checks another 
student’s understanding 
 
A student explicitly expresses 
lack of understanding 
 
A student explicitly describes 
the plan or problem solving step 
to other members 
 
A student checks own 
understanding of a concept or a 
solution step with other 
members 
“So I will calculate the reaction 
force, can you do the shear?” 
 
“Did you calculate BY?” 
 
 
“You know what we are doing 
right now, right?” 
 
“I do not really know how to do 
the math”  
 
“I think there is only 3 forces, it 
is not really that much, so we 
have to section it 3 times”  
 
“Okay, I think we section it like 
right after the horizontal part, 
right?” 
 
Step 4: Scoring the group progress during the task. In order to score the group 
progress during the task, a list of steps that were required to solve the task was developed in 
coordination with the course instructor (see Appendix B). The list was used to develop a scoring 
scheme presented in Table 3.12. Then, using the videos and transcripts of the Approaching the 
task and Solving the task episodes, the progress of each of the 14 groups was scored. Each group 
received one score. Two researchers coded four randomly selected videos. The percent 













Scheme for Scoring Group Progress 
 
Score Description 
0 The group just explored the task without making any attempt to solve it 
collaboratively. 
 
1 The group just explored the task and collaboratively performed steps that are common 
to both the recommended and prohibited distributions of the objects on the shelf. 
 
2 The group explored the task and collaboratively performed steps to come up with 
either the recommended or the prohibited distribution of the objects on the shelf but 
did not arrive to a solution for either one. 
 
3 The group collaboratively performed steps and arrived at a solution for either the 
recommended or the prohibited distribution of the objects on the shelf. 
 
4 The group collaboratively performed steps and arrived at a solution for either 
distribution of the objects on the shelf. The group also collaboratively performed steps 
for the other distribution of the objects on the shelf but did not arrive to a solution for 
it. 
 
5 The group collaboratively performed steps and arrived at solutions for the 
recommended and the prohibited distribution of the objects on the shelf 
 
Step 5: Coding of the TAs/CAs interventions. A TA/CA intervention can be a TA/CA 
with group episode that is defined as a task-related interaction episode between the TA or CA 
and a group on any one occasion. The initiator of each of these episodes (student or TA/CA) and 
the duration of the episode were marked. Also, using the fish-eye camera, the TA/CA’s activity 
before approaching the group was examined to spot if the TA/CA observed the group activity 
before intervening or not. When the TA or CA appeared to purposefully observe a group’s 
activity before intervening, the researcher assumed that the TA or CA monitored the group 
activity. To evaluate interrater reliability, two researchers coded the TA or CA activity that 
preceded the intervention episodes of two of the six groups. Cohen’s kappa was .90. 
Disagreements were discussed to reach agreement. 
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To identify the type of the group-level intervention strategies used by the TAs and CAs 
and their apparent consequences after the TAs/CAs left the group, a TA/CA interventions coding 
scheme was developed through an iterative process using both theory-driven and data-driven 
approaches (see Table 3.13). Using this coding scheme, the initiating turn and the TA/CA’s 
follow-up turns in each TA/CA with group episode were coded. To evaluate the interrater 
reliability, two researchers coded two randomly selected videos. Cohen’s kappa was .90 for the 
initiating moves and .80 for the follow up moves. Disagreements were discussed to reach 
agreement. 
Table 3.13 
TA/CA’s Interventions Coding Scheme 
 




Asks a clarification 
question 
The student asks a question 
to clarify something related 
to the content of the task 
“Isn't it like a square 
shelf like just one level?” 
 Asks a conceptual 
question 
The student asks a question 
about a concept that is 
related to the task 
 
“Is there a difference 
between a shear force 
and a normal force?” 
 Asks a procedural 
question 
The student asks a question 
about a step that is required 
to solve the task 
 
“Do we have to calculate 
reaction forces?” 






Asks a general question The TA/CA asks a question 
that is related to the group 
members’ understanding of 
the task content, solving 
procedures, or their progress 
on the task 
 
“Do you have an idea of 
what the problem is or 
what you are trying to 
do?” 
 Asks a specific task-
related question 
The TA/CA asks a question 
that is related to a specific 
step that the group must 
have iterated to solve the 
task 
 
“So have you guys 




Table 3.13 (continued) 
 
 Code Definition Example 
 Comments on the 
group’s work 
The TA/CA comments on 





 Comments on student’s 
or group’s 
collaborative behavior 
The TA/CA comments on 
the collaborative behavior 
of the student or group 
 
N/A 
 Instructs group to do 
task-related actions 
The TA/CA instructs one or 
more students to do or not 
to do something related to 
the task 
 
“Now you put down what 
you do to solve for it” 




The TA/CA instructs one or 
more students to do or not 










Provides a simple 
answer to a student 
question 
The TA/CA answers a 
student’s question without 
any additional elaboration 
or explanation 
 
Student: “Is that talking 
about the shear or the 
normal force?” 
TA: “Shear force” 
 Provides an elaborated 
answer to a student 
question 
The TA/CA answers a 
student’s question with 
additional elaboration or 
explanation 
Student: “Do we only get 
one of each?” 
TA: “Yes, so those are all 
the objects that you're 
working with. You put 
one of each of those on 
one of the shelves.” 
 
 Evaluate/Judges the 
group work 
The TA/CA evaluates or 
judges the group work 
TA: “No, what you guys 
did here is wrong” 
  
 Reacts to a student’s 
statement 
TA/CA simply accepts, 
confirms, or rejects 
students’ statements or 
make neutral statements 
Student: “So the shelf is 
held on the left and right 
side” 
TA: “Right, the shelf is 





Table 3.13 (continued) 
 
 Code Definition Example 
 Repeats/Revoices   TA/CA repeats/revioces a 
student idea to give the 
student a pace to follow-up 
Student: “We put 
everything in the middle 
and now we're going to 
calculate it”  
TA: “You are calculating 
it, okay.”  
 
 Asks a student to 
clarify or repeat idea  
TA/CA asks a question to 
clarify something related to 
what the student was saying  
Student: “So we are 
going to find the 
distribution that fails” 
TA: “Huh? say again” 
 
 Invites students to 
present their ideas 
TA/CA invites one or more 
students to speak up to share 
ideas/thoughts/reasoning  
 
“So what do you guys 
think?” 




TA/CA prompts students to 
say more about a certain 
concept or problem solving 
procedure 
TA: “If I cut it just to the 
right of that 62 newtons 
going down it, what 
would it be?” 
 
 Challenges student idea TA/CA challenges student’s 
idea by asking a question or 
providing a counter 
argument that prompts 
student’s thinking 
 
Student: “So this 
distribution will fail”  
TA: “Are you sure about 
that?”  
 
 Provides explicit 
tips/hints on how to 
solve the problem 
The TA/CA explicitly 
presents hints or tips on how 
to solve the problem 
 
TA: “Just put the books 
in the middle of the shelf 
and you are on the right 
track”  
 Provides an 
explanation or 
elaboration 
TA/CA explains or 
elaborates on certain 
concepts or problem solving 
procedures  
 
“So for this case since we 
have zero axial or zero 
forces, it does not really 
matter” 
 Instructs student or 
group 
TA/CA instructs one or 
more students to do or not 
to do something 
“Okay so can all of you 
go to page three? I can 
explain this to all of you. 






Table 3.13 (continued) 
 
 Code Definition Example 
 Encourages students to 
collaborate 
The TA/CA encourages 
students to 
communicate/talk/discuss 
ideas with each other 
  
“Just discuss how you 
want to go about the 
problem and the 
assumptions that you 
want to make” 
 Other Inaudible or unintelligible  
 
 
 No follow up moves The TA/CA leaves group 
without making any follow 




In addition, a TA intervention can be a TA with whole class episode that is initiated by 
the TA during the activity. This can be defined as the total time the TA spent addressing or 
discussing issues with the whole class during the activity. When these occurred, the durations of 
the interventions were recorded and transcribed.  
Step 6: Coding of the TA’s consolidation activities. A TA’s conclusion is a TA with 
whole class episode that is defined as the total time the TA spent addressing the whole class at 
the end of the discussion section. The duration of each conclusion was recorded. To identify the 
consolidation activities that the TA used in the conclusion, each conclusion was coded using a 
coding scheme (see Table 3.14) that was developed using both theory-driven and data-driven 
approaches. To evaluate interrater reliability, two researchers coded all conclusions. The percent 













TA’s Consolidation Activities Coding Scheme 
 
Code Definition Example 
Announces end of session The TA announces the end of the 
session 
 




The TA explains the procedures 
of solving the task to the whole 
class 
 
“If you put all objects in the 
middle, you will have 62 
Newtons in total and 31 
Newtons on each side.”  
Explains concepts The TA explains a concept or 




Addresses misconceptions The TA addresses 
misconceptions that are 
associated with the task by 
commenting on common 
mistakes between the groups 
 
“Something that a lot of 
people tried that they thought 
wouldn't work is to actually 
stack all the objects and put 
it in the middle.” 
 
Asks groups to present 
solutions 
 
The TA asks different groups to 
present their solutions 
“Okay guys, can one of you 
talk about one of the 





The TA discusses the differences 




Asks group members for 
explanations 
The TA asks different group 
members to explain task related 
concepts and how the group used 
these concepts to solve the task  
 
N/A 
Comments on moments of 
optimal group behavior 
  
The TA comments on moments 
of optimal behaviors  
N/A 
Asks students to comment 
on collaborative instances 
The TA asks students to talk 
about collaborative instances 
that they think helped them 
overcome certain difficulties as 






Step 7: Answering the research questions.  
Answering RQ1. In order to answer the first research question, what are the types and 
quality of interactions that groups engage in as they solve authentic tasks in face-to-face 
collaborative problem solving undergraduate engineering classrooms, the proportion of each 
Approaching the task and Solving the task turns (see Table 3.4) in addition to the proportion of 
the codes in the collaborative dimension (see Table 3.8), cognitive dimension (see Table 3.9), 
and meta-cognitive dimension (see Table 3.11) coding schemes were calculated for each of the 
14 groups. For example, to calculate the proportion of the “Agrees” code in the cognitive 
dimension for one of the groups, the number of turns that are coded as “Agrees” will be divided 
by the total number of turns (excluding Other). Next, the mean proportion and the standard 
deviation of each code were calculated across groups.  
The proportion of each code (simple, elaborated, causal elaborated) in the level of 
complexity coding scheme (see Table 3.10) was calculated for each of the 14 groups. For 
example, to calculate the proportion of the “Simple” code for one of the groups, the number of 
turns that are coded as “Simple” will be divided by the total number of turns. Next, the mean 
proportion and the standard deviation of each code was calculated.  
In order to examine the high quality interactions in the cognitive dimension, the total 
proportion of the elaborated statements, causal elaborated statements and open questions were 
calculated for each of the 14 groups. For example, to calculate the proportion of high quality 
cognitive interactions for one of the groups, the total number of turns that were coded as 
elaborated, causal elaborated, and open questions was divided by the total number of turns per 
group.   
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Similarly, in order to examine the high quality interactions in the collaborative 
dimension, the total proportion of the up taken independent ideas, elaborations, and negotiations 
were calculated for each of the 14 groups. For example, to calculate the proportion of high 
quality collaborative interactions for one of the groups, the total number of turns that were coded 
as interactive-elaboration and interactive-negotiation will be divided by the total number of 
turns.   
In order to examine interactions in the meta-cognitive dimension, the proportion of the 
metacognitive turns were calculated for each of the 14 groups through dividing the total number 
of turns that are coded as metacognitive by the total number of turns in each group.  
Answering RQ2. In order to answer the second research question, what are the 
interaction patterns that characterize groups who were (or were not) making progress on the task, 
biserial correlation coefficients were calculated for the numbers and proportions of the codes of 
problem solving turns and the number and proportions of codes under the collaborative, 
cognitive, and metacognitive dimensions.  
Answering RQ3. In order to answer the third research question, what are the strategies 
that the teaching and course assistants implemented at the beginning, during, and at the end of 
the collaborative problem solving activities, descriptive statistics were used to describe, compare, 
and identify patterns in the strategies that the teaching and course assistants implemented at the 
beginning, during, and at the end of the collaborative problem solving activities.  
Answering RQ4. In order to answer the fourth research question, how did the supporting 
strategies influence students’ interactions, the video graphs of each group were examined to 
mark the episodes that came just before and after each TA/CA with group episodes. The 
supporting strategies that teachers implemented interventions that were proceeded and proceeded 
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by Off task, Quiet task solving, or Interactive task solving episodes were analyzed. Interventions 
that were preceded and proceeded by off task or quiet task solving episodes were considered to 
have a negative impact on collaborative problem solving activity of the groups. Interventions that 
were preceded by interactive task solving episodes and proceeded by off task or quiet task 
solving were considered to have a negative impact on collaborative problem solving activity of 
the groups. Interventions that were preceded by off task or quiet task solving episodes and 
proceeded by interactive task solving episodes were considered to have a positive impact on 
collaborative problem solving activity of the groups. 
For interventions that were preceded and proceeded by Interactive episodes, the number 
of turns and codes per each dimension (collaborative, cognitive, metacognitive) within an 
interval of a minute before and one minute after the time when the intervention occurred were 
examined and compared. Proportions were calculated in cases where there was a large difference 
between the number of turns that were present one minute before the intervention occurred and 
those that were present one minute after the intervention occurred. Interventions that were 
directly followed by the appearance or increase in the number of high quality collaborative 
problem solving turns per each dimension were considered to have a positive impact on the 
quality of interactions in that dimension. Interventions that were proceeded by the disappearance 
or decrease in the number of high quality turns per each dimension were considered to have a 
negative impact on the quality of interactions in that dimension. Interventions that were 
proceeded by approximately the same number of high quality turns per each dimension were 
considered to have no impact on the quality of interactions in that dimension.  
Interventions that had a positive impact on the quality of the verbal interactions under at 
least one of the three dimensions and no impact on the quality of the verbal interactions under 
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the other dimensions was considered to have an overall positive impact on the quality of the 
collaborative problem solving interactions of the group. Interventions that had a negative impact 
on the quality of the verbal interactions under at least one of the three dimensions and no impact 
on the quality of the verbal interactions under the other dimensions was considered to have an 
overall negative impact on the quality of the collaborative problem solving interactions of the 
group.  Interventions that had no impact on the quality of the verbal interactions under all of the 
three dimensions was considered to have an overall neutral impact on the quality of the 
collaborative problem solving interactions of the group. Interventions that had a positive impact 
on the quality of the verbal interactions under at least one of the three dimensions and a negative 
on the quality of the verbal interactions under one or both of the other dimensions was 
considered to have a mixed impact on the quality of the collaborative problem solving 






The Types and Quality of Collaborative Problem Solving Interactions 
In order to answer the research question what are the types and quality of interactions that 
groups engage in as they solve authentic tasks in face-to-face undergraduate engineering 
classrooms, first I present the types of problem solving turns of each of the 14 groups from the 
four discussion sections. Then, I present the durations of the thematic episodes that describe each 
group’s problem solving activity during the discussion section. Finally, I present the types of 
verbal interactions under the collaborative, cognitive, and metacognitive dimensions then, 
deduce the quality of the verbal interactions for each group under each of these dimensions.  
Problem-Solving Turns 
 After transcribing the video recordings of the 14 groups in a play-script format, the 
problem solving coding scheme presented in Table 3.4 was used to identify and classify the 
problem-solving turns of each of the 14 groups as Approaching the Task or Solving the Task 
turns. Table 4.1 shows the number and percentage of Approaching the Task turns and Solving 
the Task turns per each of the 14 groups.  
Table 4.1 
Number and Percentage of the Types of Problem-Solving Turns per each Group 
 
 Approaching the Task Solving the Task  
Group  No. Proportion No. Proportion Total 
1 38 .25 112 .75 150 
2 131 .67 65 .33 196 
3 112 .49 117 .51 229 
4 79 .83 16 .17 95 
5 101 .83 21 .17 122 
6 135 .48 144 .51 279 
7 91 .39 141 .61 232 
8 76 .43 101 .57 177 
9 82 .46 96 .54 178 
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Table 4.1 (continued) 
 
 Approaching the Task Solving the Task  
Group  No. Proportion No. Proportion Total 
10 70 .37 120 .63 190 
11 59 .55 49 .45 108 
12 135 .55 110 .45 245 
13 84 .16 437 .83 521 
14 21 .23 69 .78 90 
Mean 86.7 .48 114.1 .52 200.8 
SD 35.5 .20 101.3 .20 109.0 
 
Table 4.1 shows that there were differences in both the type and number of problem 
solving turns among the groups. Three groups (2, 4, and 5) had more Approaching the Task turns 
than Solving the Task turns. Six groups (1, 7, 8, 10, 13, and 14 ) had more Solving the Task turns 
than Approaching the Task turns. Five groups (3, 6, 9, 11, and 12) had approximately equal 
numbers of Approaching the Task turns and Solving the Task turns. Groups tended to be more 
engaged in turns about problem solving more than turns about how to approach or solve the task.  
Collaborative, Cognitive, and Metacognitive Dimensions of Problem Solving Turns 
 To identify the type and quality of students’ interactions in each of the 14 groups under 
the collaborative, cognitive, and meta-cognitive dimensions, four coding schemes were used to 
code the problem solving turns of each of the 14 groups.  
Collaborative dimension. To identify how students were interacting to build on each 
other ideas (collaborative dimension), the problem solving turns of each group were coded using 
the collaborative interactions coding scheme that is described in Table 3.8. Table 4.2 shows the 
number of each code associated with the collaborative dimension of the problem solving turns 






















1 8 7 16 1 104 7 7 
2 4 2 24 6 125 16 19 
3 7 5 26 7 162 11 11 
4 1 2 12 5 66 5 4 
5 0 0 18 1 86 5 12 
6 8 1 24 4 208 26 8 
7 11 2 41 5 142 20 11 
8 3 1 14 1 144 12 2 
9 3 2 14 6 122 16 15 
10 4 1 16 1 139 15 14 
11 3 0 16 2 77 6 4 
12 1 3 35 7 169 14 16 
13 9 12 14 2 399 58 27 
14 5 3 17 2 55 6 2 
Mean 4.79 2.92 20.5 3.57 142.71 15.5 10.85 
SD 3.33 3.22 8.61 2.37 85.2 13.71 7.10 
 
Table 4.3 














1 .05 .05 .11 .01 .69 .05 .05 
2 .02 .01 .12 .03 .64 .08 .10 
3 .03 .02 .11 .03 .71 .05 .05 
4 .01 .02 .13 .05 .69 .05 .04 
5 .00 .00 .15 .01 .70 .04 .10 
6 .03 .00 .09 .01 .75 .09 .03 
7 .05 .01 .18 .02 .61 .09 .05 
8 .02 .01 .08 .01 .81 .07 .01 
9 .02 .01 .08 .03 .69 .09 .08 
10 .02 .01 .08 .01 .73 .08 .07 
11 .03 .00 .15 .02 .71 .06 .04 
12 .00 .01 .14 .03 .69 .06 .07 
13 .02 .02 .03 .00 .77 .11 .05 
14 .06 .03 .19 .02 .61 .07 .02 
Mean .025 .015 .12 .02 .70 .07 .05 




Table 4.2 shows that there were differences in the number of each of the collaborative 
interaction codes among the 14 groups. However, all groups had more Quasi-Interactive turns 
than any other type of turns.. Table 4.3 shows that students’ collaborative interactions were 
dominated by Quasi-Interactive turns. They included few Interactive-Elaboration and Interactive-
Negotiation turns. Group members tended to refer to each other ideas without building on them 
by elaboration or negotiation. Also, Table 4.2 shows that groups had more Independent-With 
Uptake turns than Independent-No Uptake turns. Table 4.3 shows that students’ interactions 
included more Independent-With Uptake turns than Independent-No Uptake turns. Group 
members tended to respond to ideas that are independent of the stream of interaction.  
To identify the differences in the quality of collaborative interactions among the 14 
groups, Figure 4.1 shows the total proportions of Self-Talk, Narration, Independent-With 
Uptake, Independent-No Uptake, and Quasi-Interactive turns and the total proportions of 
Interactive-Elaboration and Interactive-Negotiation turns per each of the 14 groups. 
 
 




 Figure 4.1 shows that Groups 2, 9, 10, and 13 tended to have higher total proportions of 
Interactive-Elaboration and Interactive-Negotiation turns than the other groups. Group members 
in these groups tended to build on each other ideas more than the group members in the other 
groups.  
Cognitive dimension. To identify how students were interacting with each other to solve 
the task (cognitive dimension), the problem solving turns of each group were coded using the 
cognitive interactions coding scheme that is presented in Table 3.9. Table 4.4 shows the number 
of each code associated with the cognitive dimension of the problem solving turns across the 14 
groups. Table 4.5 shows the proportion of each of these codes. 
 
Table 4.4 
Numbers of Cognitive Interaction Codes Across the Groups 
 












1 9 41 35 5 8 27 
2 7 76 42 3 11 27 
3 9 80 41 5 7 45 
4 7 32 18 4 5 14 
5 6 45 19 3 6 21 
6 8 104 59 7 16 37 
7 4 70 44 3 26 37 
8 8 66 37 1 10 24 
9 9 61 45 4 16 16 
10 7 81 57 5 10 16 
11 5 35 31 3 7 9 
12 5 87 62 3 12 29 
13 9 195 118 8 37 47 
14 6 29 24 0 4 10 
Mean 7.07 71.57 45.14 3.85 12.5 25.64 










Proportions of Cognitive Interaction Codes Across the Groups 
 












1 .07 .33 .28 .04 .06 .22 
2 .04 .46 .25 .02 .07 .16 
3 .05 .43 .22 .03 .04 .24 
4 .09 .40 .23 .05 .06 .18 
5 .06 .45 .19 .03 .06 .21 
6 .03 .45 .26 .03 .07 .16 
7 .02 .38 .24 .02 .14 .20 
8 .05 .45 .25 .01 .07 .16 
9 .06 .40 .30 .03 .11 .11 
10 .04 .46 .32 .03 .06 .09 
11 .06 .39 .34 .03 .08 .10 
12 .03 .44 .31 .02 .06 .15 
13 .02 .47 .29 .02 .09 .11 
14 .08 .40 .33 .00 .05 .14 
Mean .05 .42 .27 .02 .07 .16 
SD .02 .04 .05 .01 .03 .05 
 
Table 4.4 shows that there were differences in the number of each of the cognitive 
interaction codes among the 14 groups. However, all groups had more Modifies an idea and 
Accepts an idea turns than any other type of turns. Table 4.5  shows that students’ cognitive 
interactions were dominated by Modifies an idea turns and Agrees to an idea turns. They 
included few Mentions a new idea turns and Rejects an idea turns. Group members tended to 
provide details about an idea or agree with an idea more than introducing new ideas or rejecting 
an idea. Also, Table 4.4 shows that all groups had more Asks a closed question turns than Asks 
an open question turns. Table 4.5 shows that students’ cognitive interactions included more Asks 
a closed question turns than Asks an open question turns. Group members tended to ask 




To identify the level of complexity of the cognitive interaction statements (Mentions a 
new idea, Modifies an idea, Accepts an idea, and Rejects an idea), each statement was coded 
using the level of complexity coding scheme that is presented in Table 3.10. Table 4.6 shows the 
number of each code associated with the level of complexity of the problem solving turns across 
the 14 groups. Table 4.7 shows the proportion of each of these codes. 
Table 4.6 
Numbers of Level of Complexity Codes Across the Groups 
 
Group Simple Statement Elaborated Statement Causal Elaborated Statement 
1 64 20 6 
2 102 21 5 
3 103 27 5 
4 50 10 1 
5 57 11 5 
6 140 26 12 
7 88 27 6 
8 97 12 3 
9 85 32 2 
10 107 35 8 
11 62 8 4 
12 118 30 9 
13 255 60 15 
14 47 8 4 
Mean 98.21 23.35 6.07 
SD 52.8 14.08 3.83 
 
Table 4.7 
Proportions of Level of Complexity Codes Across the Groups 
 
Group Simple Statement Elaborated Statement Causal Elaborated Statement 
1 .71 .22 .07 
2 .80 .16 .04 
3 .76 .20 .04 
4 .82 .16 .02 
5 .78 .15 .07 
6 .79 .15 .07 
7 .73 .22 .05 
8 .87 .11 .03 
9 .71 .27 .02 
10 .71 .23 .05 
11 .84 .11 .05 
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Table 4.7 (continued)  
 
Group Simple Statement Elaborated Statement Causal Elaborated Statement 
12 .75 .19 .06 
13 .77 .18 .05 
14 .80 .14 .07 
Mean .77 .18 .05 
SD .05 .05 .02 
 
Table 4.6 shows that there were differences in the number of each of the level of 
complexity ccodes among the 14 groups. However, all groups had more Simple statements than 
any other type of statements. Table 4.7 shows that students’ cognitive interaction statements 
were dominated by simple statements. They included few Elaborated and even fewer Causal 
Elaborated statements. Group members tended to provide Simple statements that do not include 
definitions, examples, comparisons, judgments, predictions, or explanations of how an event or 
process occurs, how current state arose, or consequence of a process or event including 
justifications with targeted concepts. 
To identify the differences in the quality of cognitive interactions among the 14 groups, 
Figure 4.2 shows the total proportions of Simple statement and Asks a closed question turns, and 
the total proportions of Eaborated statement, Causal Elaborated statement, and Asks an open 





Figure 4.2. Differences in the quality of cognitive interactions among the groups 
 
 Figure 4.2 shows that Groups 7, 9, and 10 tended to have higher total proportions of 
Eaborated statement, Causal Elaborated statement, and Asks an open question turns than the 
other groups. Group members of these groups tended to provide statements that included 
justifications and explanations and ask questions that stimulate further discussions than the group 
members in the other groups.  
Metacognitive dimension. To identify how students were interacting to monitor 
individual or group understanding of the task or the groups’ progress on the task (metacognitive 
dimension), the problem solving turns of each group were coded using the metacognitive 
interactions coding scheme that is described in Table 3.11. Table 4.8 shows the number and 
proportion of each code associated with the metacognitive dimension of the problem solving 









Numbers and Proportions of Metacognitive Codes Across the Groups 
 
 Non-Metacognitive Metacognitive 
Group Number Proportion Number Proportion 
1 139 .93 11 .07 
2 178 .91 18 .09 
3 199 .87 30 .13 
4 83 .87 12 .13 
5 104 .85 18 .15 
6 242 .87 37 .13 
7 195 .84 37 .16 
8 161 .91 16 .09 
9 158 .89 20 .11 
10 164 .86 26 .14 
11 99 .92 9 .08 
12 201 .82 44 .18 
13 450 .86 71 .14 
14 79 .88 11 .12 
Mean 175.14 .88 25.71 .12 
SD 92.89 .03 17.10 .03 
 
Table 4.8 shows that there were differences in the number of non-metacognitive and 
metacognitive turns among the 14 groups. However, all groups had few metacognitive turns. 
Students’ interactions included few metacognitive turns to monitor individual or group 
understanding of the task or the groups’ progress on the task. Figure 4.3 shows the proportion of 





Figure 4.3. Differences in the metacognitive interactions among the groups 
 
 Figure 4.3 shows that Groups 5, 7, and 12 tended to have higher total proportions of 
metacgnitive turns than the other groups. Group members in these groups tended to monitor 
individual or group understanding of the task or the groups’ progress on the task more than the 
group members in the other groups.  
 In summary, students in the fourteen groups tended to be more engaged in turns about 
problem solving more than turns about how to approach or solve the task. They tended to refer to 
each other ideas without building on them by elaboration or negotiation. They tended to provide 
simple statements that do not include definitions, examples, comparisons, judgments, 
predictions, or explanations of how an event or process occurs, how current state arose, or 
consequence of a process or event including justifications with targeted concepts. They were 
engaged in very few metacognitive turns to monitor individual or group understanding of the 






Collaborative Problem Solving Interactions and the Group Progress 
In order to answer the research question what are the interaction patterns that characterize 
groups who were (or were not) making group progress on the task, I first present the progress 
score of each of the 14 groups from the four discussion sections. Next, I present the patterns that 
characterized the verbal interactions of groups that had relatively higher group progress scores 
and groups that had relatively lower group progress scores. 
Groups’ Group progress on the Task 
  In order to assess the group progress of each of the 14 groups on the task, the scoring 
rubric that is presented in Table 3.12 was used. Note that the group progress score is a measure 
of how much the group members were verbally interacting around the different steps that the 
students needed to tackle in order to solve the task. Table 5.1 shows the group progress score of 
each of the 14 groups.  
Table 5.1 
Group Progress Scores 
 
Section TA CAs Group  Group Progress Score 
1 Austin Tom & Ted 1 2 
   2 3 
2 Austin Tom & Jim 3 3 
   4 2 
   5 3 
   6 4 
3 Joey Tom & Jim 7 4 
   8 2 
   9 2 
   10 4 
4 Joey Tom & Ted 11 2 
   12 4 
   13 5 
   14 4 
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 Recall that the groups worked on a task titled “Distributing Objects on a Shelf”. In this 
task, students needed to use the given supplementary material and tools to discuss issues and 
preform calculations to come up with one recommended and one prohibited distribution of three 
books and one radio on an actual shelf in a small store that sells household supplies. To solve the 
task, students needed to make decisions related to the locations of the objects on the shelf and the 
loads they exert on this shelf. They also needed to solve for the reaction forces and moments and 
use the calculated values to evaluate whether the distribution they proposed is recommended or 
prohibited. 
  As shown in Table 5.1, none of the groups just explored the task without making any 
attempt to solve it collaboratively (Score of 0). Also, none of the groups just explored the task 
and attempted to collaboratively solve the steps that are common to both the recommended and 
prohibited distributions (Score of 1). Five groups (1, 4, 8, 9, and 11) explored the task and 
attempted to collaboratively perform steps to come up with either the recommended or the 
prohibited distribution of the objects on the shelf but did not arrive to a solution for either one 
(Score of 2). Three groups (2, 3 and 5) attempted to collaboratively perform steps and arrived at 
a solution for either the recommended or the prohibited distribution of the objects on the shelf 
(Score of 3). Four groups (6, 7, 10, 12, and 14) collaboratively performed steps and arrived at a 
solution for either distribution, also they attempted to collaboratively perform steps for the other 
distribution of the objects on the shelf (Score of 4). Only one group (13) collaboratively 
performed steps and arrived at solutions for the recommended and the prohibited distribution of 





Identifying the Patterns of Verbal Interactions Associated with Group Progress Scores 
In order to identify the patterns that are associated with higher group progress scores, 
biserial correlation coefficients were calculated for the different variables that characterized the 
verbal interactions of the groups and their progress score after removing the data of the outlier 
(Group 13) which was characterized by the highest group progress score and a very high number 
of problem solving turns compared to the other 13 groups.  
Problem solving turns and group progress. Table 5.2 shows the biserial correlation 
coefficients between the number of problem solving turns, number of Approaching the task 
turns, number of Solving the task turns, proportion of Approaching the task turns, and proportion 
of Solving the task turns and the group progress score.  
Table 5.2 
Correlations between Problem Solving Turns and Group Progress 
 
Variable Biserial Correlation Coefficient 
Total number of problem solving turns .50 
Total number of Approaching the task turns .30 
Total number of Solving the task turns .46 
Proportion of Approaching the task turns -.24 
Proportion of Solving the task turns .24 
 
 Table 5.2 shows that the there is a moderate positive correlation between the number of 
problem solving turns, specifically, the number of Solving the task turns and the group progress 
score. Groups that had higher group progress scores tended to have more Solving the Task turns 
than groups that have lower group progress scores. This is not surprising in light of the coding 
scheme that was used to score the group progress (see Table 3.12). However, Table 5.2 shows 
that there is a weak correlation between each of the proportion of Approaching the task turns and 
the proportion of Solving the task turns and the group progress score. Higher group progress is 
not associated with more engagement in approaching the task or solving the task.  
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Collaborative dimension of the verbal interactions and group progress. Table 5.3 
shows the biserial correlation coefficients between the number and the proportion of each of the 
collaborative dimension codes and the group progress score.  
Table 5.3 
Correlations between the Collaborative Dimension Codes and Group Progress 
 
Variable Biserial Correlation Coefficient 
Total number of Self-Talk turns .31 
Total number of Narration turns -.09 
Total number of Independent – With Uptake turns .64 
Total number of Independent – No Uptake turns .15 
Total number of Quasi-Interactive turns .41 
Total number of Interactive – Elaboration turns .50 
Total number of Interactive – Negotiation turns .31 
Proportion of Self-Talk turns .16 
Proportion of Narration turns -.14 
Proportion of Independent – With Uptake turns .35 
Proportion of Independent – No Uptake turns -.17 
Proportion of Quasi-Interactive turns -.35 
Proportion of Interactive – Elaboration turns .36 
Proportion of Interactive – Negotiation turns .05 
 
Table 5.3 shows that the there is a strong positive correlation between the number of 
Independent – With Uptake turns and the group progress score. It also shows that there are 
moderate positive correlations between the number of Quasi-Interactive turns and the number of 
Interactive-Elaboration turns and the group progress score. Groups that had higher group 
progress scores tended to have more Independent – With Uptake turns, Quasi-Interactive turns, 
and Interactive-Elaboration turns than groups that have lower group progress scores. This is not 
surprising given that higher group progress score is associated with higher number of problem 
solving turns. However, Table 5.3 shows that there is a weak correlation between the proportion 
of each of the collaborative dimension codes and the group progress score. Higher group 
progress is not associated with more engagement in any of the collaborative dimension codes.  
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Cognitive dimension of the verbal interactions and group progress. Table 5.4 shows 
the biserial correlation coefficients between the number and the proportion of each of the 
cognitive dimension codes and the group progress score.  
Table 5.4 
Correlations between the Cognitive Dimension Codes and Group Progress 
 
Variable Biserial Correlation Coefficient 
Total number of Mentions a new idea turns -.44 
Total number of Modifies an idea turns .52 
Total number of Accepts an idea turns .51 
Total number of Rejects an idea turns .05 
Total number of Asks an open question turns .34 
Total number of Asks a closed question turns .32 
Proportion of Mentions a new idea turns -.57 
Proportion of Modifies an idea turns .36 
Proportion of Accepts an idea turns .11 
Proportion of Rejects an idea turns -.45 
Proportion of Asks an open question turns .01 
Proportion of Asks a closed question turns -.05 
 
Table 5.4 shows that the there is a moderate negative correlation between the number of 
Mentions a new idea turns and the group progress score. Groups that had higher group progress 
scores tended to have less Mentions a new idea turns than groups that have lower group progress 
scores. Table 5.4 also shows that there are strong positive correlations between the number of 
Modifies a new idea turns and the number of Accepts an idea turns and the group progress score. 
Groups that had higher group progress scores tended to have more Modifies an idea turns and 
Accepts an idea turns than groups that have lower group progress scores. However, Table 5.4 
shows that there are strong negative correlations between the proportion of Mentions a new idea 
turns and the proportion of Rejects an idea turns and the group progress scores. Higher group 
progress is associated with less engagement in mentioning new ideas and rejecting ideas.  
Table 5.5 shows the biserial correlation coefficients between the number and the 




Correlations between the Level of Complexity of Statements Codes and Group Progress 
 
Variable Biserial Correlation Coefficient 
Total number of Simple Statements .45 
Total number of Elaborated Statements .41 
Total number of Causal Elaborated Statements .71 
Proportion of Simple Statements -.32 
Proportion of Elaborated Statements .11 
Proportion of Causal Elaborated Statements .55 
 
Table 5.5 shows that there are moderate positive correlations between the number of 
Simple Statements and the number of Elaborated Statements and the group progress score. Also, 
there is a strong positive correlation between the number of Casual Elaborated Statements and 
the group progress score. Groups that had higher group progress scores tended to have more 
Simple Statements, Elaborated Statements and Causal Elaborated Statements than groups that 
have lower group progress scores. However, Table 5.5 shows that there is a strong positive 
correlation only between the proportion of Causal Elaborated Statements and the group progress 
scores. Higher group progress is associated with more engagement in explanations of how an 
event or process occurs, how a state arose, or consequence of a process or event including 
justifications with targeted concepts than groups that had lower group progress scores.  
Metacognitive dimension of the verbal interactions and group progress. Table 5.6 
shows the biserial correlation coefficients between the number and the proportion of each of the 
metacognitive codes and the group progress score.  
Table 5.6 
Correlations between the Metacognitive Codes and Group Progress 
 
Variable Biserial Correlation Coefficient 
Total number of Non-Metacognitive Turns .69 
Total number of Metacognitive Turns .43 
Proportion of Non-Metacognitive Turns -.72 




Table 5.6 shows that there is a strong positive correlation between the number of Non-
Metacognitive turns and the group progress score. Also, there is a moderate positive correlation 
between the number of Metacognitive turns and the group progress score. Groups that had higher 
group progress scores tended to have more Non-metacognitive and Metacognitive turns than 
groups that have lower group progress scores. However, Table 5.6 shows that there is a strong 
negative correlation between the proportion of Non-Metacognitive turns and the group progress 
score. Also, there is a strong positive correlation between the proportion of Metacognitive turns 
and the group progress score. Higher group progress is associated with more engagement in 
monitoring individual understanding and the performance of the group on the task.  
In summary, it seems that more successful groups had more collaborative problem 
solving turns. They tended to be less engaged in mentioning new ideas and rejecting ideas, more 
engaged in explanations of how an event or process occurs, how a state arose, or consequence of 
a process or event including justifications with targeted concepts, and more engaged in 







Teaching and Course Assistants’ Teaching Strategies 
In order to answer the research question what are the strategies that the teaching and 
course assistants implemented to orchestrate the collaborative problem solving activity, first, I 
present the framing strategies that each TA used to introduce the activity in each of the four 
sections and the attention statuses of the groups during the introductions. I also identify the 
differences in the framing strategies between the two TAs. Next, I present the type of support 
that teachers used to intervene with the group work during the four discussion sections; then, I 
identify the differences in the type of support between the teachers. Finally, I present the 
consolidating strategies that each TA used to wrap up the activity in each of the four discussion 
sections and the attention statuses of the groups during the consolidating activities. I also identify 
the differences in the consolidating strategies between the two TAs.   
Framing Strategies 
In order to identify the framing strategies that the TA implemented at the beginning of 
each discussion section, the TA’s introduction, which is the total time the TA spent addressing 
the whole class at the beginning of the discussion section, was transcribed and coded using the 
emergent coding scheme presented in Table 3.6. Table 6.1 shows the duration of the TA’s 
introduction in each of the four discussion sections. Although all introductions were short, 
Austin’s introductions were relatively longer than Joey’s introductions.  
Table 6.1 
Duration of Introductions in the Four Discussion Sections 
 
TA Austin Joey 
Section # 1 2 3 4 
Duration (min) 1.33 1.20 .52 .55 
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Table 6.2 shows the framing strategies that the TAs implemented (or not) in each of the 
four discussion sections. Only Joey asked for students’ attention as he started to address the 
students at the beginning of the discussion section. Only Austin gave an elaborated description of 
the task and stated the objectives of the task. Although both TAs gave general collaboration-
related instruction, neither of them gave specific collaboration-related instruction.  
Table 6.2 
Framing Strategies Used by the TAs in the Four Discussion Sections 
 
  Austin Joey 
Framing 
Strategy 








General  Asks for students’ attention 
 
  X X 
 Gives technology-related 
instruction 
 
 X   
 Checks students’ 
understanding 
 
X X   
 Offers availability for help 
 
X X X X 
Task-related  Gives task-related instruction 
 
X X X X 
 Gives simple description of the 
task 
 
 X  X 
 Gives elaborate description of 
the task 
 
X X   
 States the goals of the task 
 






X X X X 
 Gives specific collaboration-
related instruction 




  To evaluate the attention status of the groups during the TA’s introduction the coding 
scheme that is presented in Table 3.7 was used in order to code the group’s attention as none, 
partial, or full. Table 6.3 shows the groups’ attention status during the introductions.  
Table 6.3 
Groups’ Attention Status During the Introductions  
 
Section  Group  TA Attention status during introduction 
1 1 Austin Full 
1 2 Austin Partial 
2 3 Austin None 
2 4 Austin None 
2 5 Austin Partial 
2 6 Austin Full 
3 7 Joey Partial 
3 8 Joey Partial 
3 9 Joey Partial 
3 10 Joey Partial 
4 11 Joey Partial 
4 12 Joey Partial 
4 13 Joey Partial 
4 14 Joey Partial 
 
  During the introduction, the majority of the groups were partially attentive to what the 
TA was saying. This means that in majority of the groups, at least one group member appeared 
attentive to what the TA was saying while the other group members appeared inattentive to what 
the TA was saying. In two groups in Section 2, none of the group members was attentive to what 
the TA was saying during the introduction.  
Intervention Strategies 
Group-level interventions. A group-level intervention was defined as a task-related 
interaction episode between the TA or CA and a group on any one occasion. A total of 79 
interventions took place across the four discussion sections. Table 6.4 shows the distribution of 





Distribution of Group-level Task-Related Interventions Across the Four Discussion Sections 
 
 Section 1 Section 2 Section 3 Section 4 Total 
Number of 
Interventions 
13 26 18 22 79 
 
 Of the 79 Task-Related group level interventions, 64 were initiated by one of the teachers 
(TA or CA) and 15 were initiated by one student in the group. Figure 6.1 shows the mean 
duration in minutes of each type of Task-Related group-level interventions. Task-Related 
Teacher-Initiated interventions tended to be shorter than Task-Related Student-Initiated 





Figure 6.1: Mean duration (in minutes) of the Task-Related Teacher-Initiated and Task-Related 
Student-Initiated interventions 
 
 Monitoring Activity. For each Task-Related Teacher-Initiated group-level intervention, 
the teacher’s activity was examined using the fish-eye camera to identify if the TA or CA 
appeared to purposefully observe a group’s activity before intervening with the groups’ work. 
 
 80 
When this occurred, the researcher assumed that the TA or CA monitored the group activity. 
Table 6.5 shows the frequency and percentage of Task-Related Teacher-Initiated group-level 
interventions that were or were not preceded by monitoring. Task-Related Teacher-Initiated 
interventions that were not preceded by monitoring were more than those that were preceded by 
monitoring. Teachers tended to intervene with the groups without monitoring the group activity. 
Table 6.5 
Frequency and Percentage of Task-Related Teacher-Initiated Interventions that were or were 
not Preceded by Monitoring 
 




Not Preceded by 
Monitoring 
46 72 
Total 64 100 
 
Figure 6.2 shows the mean durations in minutes of the Task-Related Teacher-Initiated 
interventions that were or were not preceded by monitoring. Interventions that were preceded by 
monitoring were shorter than interventions that were not preceded by monitoring. Teachers 
tended to spend longer times with the groups if they did not monitor the group activity before 
intervening with the groups’ work. 
 
 
Figure 6.2: Mean duration (in minutes) of the Task-Related Teacher-Initiated interventions that 




Initiation Turns. To identify the type of initiation turns that were used to initiate Task-
Related group-level interventions, the coding scheme presented in Table 3.13 was applied to 
each teacher-initiated or student-initiated turn in the 79 Task-Related group-level interventions. 
Table 6.6 shows the frequency and percentage of the types of initiation turns that started the 
Task-Related Teacher-Initiated group-level interventions. Table 6.7 shows the frequency and 
percentage of the types of initiation turns that started the Task-Related Student-Initiated group-
level interventions.  
Table 6.6 
Type of Initiation Turns in Task-Related Teacher-Initiated Group-Level Interventions 
 




Asks a general question 
 
45 70 8 37 
Asks a specific task-
related question 
 
12 19 8 4 
Comments on group’s 
work on the task 
 
3 4.5 1 2 
Comments on student’s 
or group’s collaborative 
behavior  
 
0 0 0 0 
Instructs group to do 
task-related actions 
 
1 2 1 0 




0 0 0 0 
Other 
 
3 4.5 0 3 








Type of Initiation Turns in Task-Related Student-Initiated Group-Level Interventions 
 
Code Frequency % 
Asks a clarification question 5 33.3 
Asks a conceptual question 0 0 
Asks a procedural question 9 60 
Other 1 6.7 
Total 15 100 
 
Teachers initiated most of the interventions by asking the group a general question. 
Thirty-seven out of 45 interventions (82%) that were initiated by asking a general question were 
not preceded by monitoring. None of the interventions was initiated by commenting on student’s 
or group’s collaborative behavior or by instructing the group to do collaboration-related actions. 
Students initiated most of the interventions by asking the teacher either a procedural or 
clarification question. None of the interventions was initiated by the student asking a conceptual 
question.  
 Follow-up Turns. To identify the type of follow-up turns that the teachers used after 
initiating Task-Related group-level interventions, the coding scheme presented in Table 3.13 was 
applied to each of the 445 follow-up turns in the 64 Task-Related Teacher-Initiated group-level 
interventions and to each of the 177 follow-up turns in the 15 Task-Related Student-Initiated 
group level interventions. Table 6.8 shows the frequency and percentage of the follow-up turns 






















 Frequency % Frequency % Total % 
Explicit Task-Related 
 
      
Provides a simple answer to a 
student’s task-related question 
 
21 4.7 12 6.8 33 5.3 
Provides an elaborated answer to a 
student’s task-related question 
 
29 6.5 21 11.9 50 8.0 
Evaluate/Judges the group work 
 
11 2.5 2 1.1 13 2.1 
Provides explicit tips/hints on how 
to solve the problem 
 
43 9.7 13 7.3 56 9.0 
Provides an explanation or 
elaboration 
 
55 12.4 35 19.8 90 14.5 
Gives task-related instruction to 
student or group 
 






13 2.9 2 1.1 15 2.4 
Invites students to present their ideas 
 
52 11.7 6 3.4 58 9.3 
Explores students’ understanding of 
ideas/concepts/solution procedures 
 
53 11.9 21 11.9 74 11.9 
Challenges student’s idea 
 




Encourages or instructs students to 
collaborate 
 




Reacts to student’s statement 
 
110 24.7 40 22.6 150 24.1 
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 Frequency % Frequency % Total % 
Neutral  
 
      
Asks student to clarify or repeat idea 
 
17 3.8 10 5.6 27 4.4 
Other 9 2.0 1 0.6 10 1.6 
 
Table 6.8 shows that the majority of the Explicit task-related follow-up turns were coded 
as providing answers to students’ questions and providing hints or explanations. Teachers tended 
to use these types of Explicit task-related turns more than other Explicit task-related turns. Also, 
the majority of the Implicit task-related follow-up turns were coded as inviting students to 
present their ideas and exploring students’ understanding of ideas/concepts/procedures. Teachers 
tended to use these types of Implicit task-related turns more than other Implicit task-related 
turns. The majority of the Neutral turns were coded as reacting to students’ statements. Teachers 
tended to use this type of Neutral turns more than other Neutral turns. Only four turns were 
coded as encouraging or instructing students to collaborate.   
Table 6.8 also shows that the total percentage of Explicit task-related follow-up turns 
(42.6%) that constituted Task-Related group-level interventions was higher than the total 
percentage of Implicit task-related follow-up turns (26.7%) and the total percentage of Neutral 
turns (30%) that constituted these interventions. The percentage of Explicit collaboration-related 
follow-up turns was much lower compared to other categories of follow-up turns in Task-Related 
group-level interventions. Teachers tended to use more Explicit task-related follow-up more than 
other categories of follow-up turns when intervening with the groups’ work. They rarely used 
Explicit collaboration-related follow-up turns when intervening with the groups’ work.  
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Figure 6.3 shows the total percentage of follow-up turns per each category of follow-up 
turns that constituted the Task-Related Teacher-Initiated and Student-Initiated group-level 
interventions. The difference between the percentages of Explicit and Implicit task-related 
follow-up turns was greater in Student-Initiated interventions compared to Teacher-Initiated 
interventions. As shown in Table 6.8, this is due to the higher percentages of follow-up turns in 
Student-Initiated interventions that were coded as providing answers to students’ questions and 
providing an explanation and elaboration, and lower percentages of follow-up turns in Student-
Initiated interventions that were coded as inviting students to present their ideas. The percentages 
of Neutral follow-up turns were similar in Teacher-Initiated and Student-Initiated interventions. 
These results need to be interpreted with caution due to the large differences in the number of 
Teacher-Initiated Task-Related interventions (N=64) and the number of Student-Initiated Task-
Related interventions (N=15).  
 
 
Figure 6.3: The percentages of follow-up turns per each category of follow-up turns that 
constituted Teacher-Initiated and Student-Initiated Task-Related group-level interventions 
  
 Type of Support. To identify the Task-Related group-level types of support that were 
implemented during each of the 79 Task-Related group-level interventions, the coded follow-up 
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turns of each intervention were examined. The presence of at least one follow-up turn under each 
of the categories Explicit task-related, Implicit task-related, or Explicit collaboration-related 
indicated that this type of support was used with the group during the intervention. When an 
intervention included follow-up turns under more than one category, the type of support used 
with the group during this intervention was determined by the predominant category. Note that 
the presence of Neutral follow-up turns indicated that no specific type of support was used with 
the group during the intervention. Table 6.9 shows the type of support that were used with the 
groups across the 79 Task-Related group-level interventions.  
Table 6.9 
Types of Support Across the 79 Task-Related Group-Level Interventions 
 
Type of Support Number of Interventions % 
Explicit Task-Related Only 
 
14 17.7 



















No Specific Support Only 
 
7 8.9 
No Support  
(No Follow-up Turns) 
5 6.3 




 Table 6.9 shows that approximately 50% of the interventions either included the use of 
only Explicit Task-related support or were predominated by the use of Explicit Task-related 
support. Examples of these interventions are shown in Tables 6.10 and 6.11 respectively.   
Table 6.10 
An Intervention with Only Explicit Task-Related Support 
 
Turn # Speaker Transcript Code 
1 Teacher: So what have you got so far guys? Asking a general 
question 
2 Student 1: I think it might work this way [student shows 
distribution on objects on tablets] 
 
 
3 Teacher: Yeah, so be aware that you can rotate the 
books, like you can orient them sideways if 
you want, that way, you have the width 
going up and not the height. 
 
Provides explicit 
tips/hints on how to 
solve the problem 
 
4 Student 1: Yeah, okay. 
 
 
5 Teacher: So you can do it like that [CA points at figure 
on tablet] 
Provides explicit 
tips/hints on how to 
solve the problem 
 
Table 6.11 
An Intervention Predominated by Explicit Task-Related Support  
 
Turn # Speaker Transcript Code 
1 Teacher: Are you guys not able to find something that 
makes it fail? 
 
Asks a specific task-
related question 




3 Student 2: Yeah, stacking everything together 
 
 
4 Teacher: Why would you do that? Inviting students to 
present their ideas 
5 Student 2: Because if we consider this just as point forces, 








Table 6.11 (continued) 
 
Turn # Speaker Transcript Code 
6 Teacher: So you have the radio weighing 62 newtons 
in the middle, and then you have 31 and 31 





7 Student 2: Oh okay 
 
 
8 Teacher: The reaction will never exceed what is given 





Table 6.9 also shows that 34% of the interventions either included the use of only 
Implicit Task-related support or were predominated by the use of Implicit Task-related support. 
Examples of these interventions are shown in Tables 6.12 and 6.13 respectively.   
Table 6.12 
An Intervention with Only Implicit Task-Related Support  
 
Turn # Speaker Transcript Code 
1 Teacher: It looks like you guys are stacking 
everything in the middle. Is that going to 
make it work or fail? 
 
Asks a specific task-
related question 
2 Student 1, 





3 Student 4: Yeah, this is our prohibited distribution 
 
 
4 Student 2: Yeah, this is out prediction 
 
 
5 Teacher: Prediction, in what ways? Invites students to 
present their ideas 
 
6 Student 2: Because I have a bookshelf, and I put all my 
stuff in the middle and now my shelf is bent 
 
 











Table 6.12 (continued) 
 
Turn # Speaker Transcript Code 
9 Student 4: We have to calculate and see 
 
 
10 Teacher: Alright, do what you have to do. Reacts 
 
Table 6.13 
An Intervention Predominated by Implicit Task-Related Support 
 
Turn # Speaker Transcript Code 
1 Student 1: Do we have a vertical force? Sorry a reaction 
force? 
Asks a procedural 
question 
 
2 Teacher: What do you guys think we have? Invites students to 
present their ideas 
 
3 Student 1: I am sure we have reaction forces somewhere 
 
 
4 Teacher: A reaction force? Repeats/Revoices 
 
5 Student 1: Yeah 
 
 






7 Student 1: Yes, it is held up on the left and the right side 
 
 




9 Student 1: Yeah 
 
 
10 Teacher: So you need to think of the shelf as being 
pinned on both sides or you could model it 
as a roller.  
Provides explicit 
tips/hints on how to 
solve the problem 
 
Table 6.9 also shows that none of the interventions included the use of only Explicit 
Collaboration-related support; only one intervention was predominated by the use of Explicit 






An Intervention Predominated Explicit Collaboration-Related Support 
 
Turn # Speaker Transcript Code 
1 Teacher: What are we thinking? Asking a general 
question 
2 Student 1: We're thinking radio in the middle, book 1 is 
on the left side, book 3 on the right side, and 
then one will be stacked on top of the middle 
book in the same, like on the middle of the 
book 1 part of the way, and the radio in the 
middle, and then book 3 a part of the way so 




3 Teacher: Great. What do your teammates think about 
that? 
 
Encourages students to 
collaborate 
4 Student 2: I think it's a good idea 
 
 
5 Teacher: Yeah, have you guys been talking about it? Encourages students to 
collaborate 
6 Student 2: Yeah well, I mean- like, yeah 
 
 
7 Student 1: We're kinda like- yeah- [gesturing with hands] 
 
 
8 Student 2: Yeah 
 
 
9 Teacher: You are trying to read through and get a 
gage of it 
 
Reacts 
10 Student 1: Yeah 
 
 
11 Teacher: Okay cool, so what do you expect that to do? 
Is that gonna make it- make the system 
work or fail? 
 
Invites students to 
present their ideas  
12 Student 2: I feel like it will work.  We were just trying to 
like approach similar directions from like last 
week because last week it was like chunk by 
chunk to make it as distributed as possible 
 
 






Table 6.14 (continued) 
 
Turn # Speaker Transcript Code 
14 Student 2: Yeah 
 
 
15 Teacher: Yeah 
 
Reacts 
16 Student 2: We're trying to just like find the configuration 
that might work  
 
 
17 Teacher: Okay. Pretty good. Yeah so now that you 
have an initial idea, go ahead and try it. 
Start solving, see what you gotta do, I'll be 
back in a few minutes to check on that 
 
Encourages students to 
collaborate 
18 Student 2: Alright   
 
Table 6.9 shows that teachers tended to use more Explicit task-related support (50%) than 
Implicit task-related support (34%) when intervening with the groups’ work. Teachers rarely 
used Explicit collaboration-related support (1.3%) when intervening with the groups’ work. 
Differences in the types of follow-up turns and type of support across teachers. To 
examine if there were differences in the type of follow-up turns that each teacher used to 
intervene with the groups’ work, each of the 622 coded follow-up turns was matched to the 
corresponding teacher. Table 6.15 shows the frequency and percentage of the follow-up turns in 
the Task-Related group-level interventions per teacher.  
Table 6.15 
Numbers and Percentages of Follow-up Turns in Task-Related Group-Level Interventions Per 
Teacher 
 
 Austin Joey Tom Ted Jim 
 No. % No. % No. % No. % No. % 
Explicit Task-Related 
 
          
Provides a simple answer to a 
student’s task-related question 
 
11 6 4 5 10 6 2 5 6 4 
Provides an elaborated answer to a 
student’s task-related question 





Table 6.15 (continued) 
 
 Austin Joey Tom Ted Jim 
 No. % No. % No. % No. % No. % 
Evaluate/Judges the group work 
 
4 2 0 0 5 3 0 0 4 3 
Provides explicit tips/hints on how 
to solve the problem 
 
16 9 1 1 13 8 8 21 18 12 
Provides an explanation or 
elaboration 
 
32 17 8 10 19 11 3 8 28 18 
Gives task-related instruction to 
student or group 
 
5 3 3 4 1 1 0 0 14 9 
Implicit Task-Related 
 
          
Repeats/Revoices 
 
11 6 2 3 1 1 1 3 0 0 
Invites students to present their 
ideas  
 
13 7 13 17 14 8 7 18 11 7 
Explores students’ understanding of 
ideas/concepts/solution procedures 
 
23 13 9 12 23 14 5 13 14 9 
Challenges student’s idea 
 
7 4 1 1 6 4 1 3 4 3 
Explicit Collaboration-Related           
Encourages or instructs students to 
collaborate 
 
0 0 3 4 1 1 0 0 0 0 
Neutral 
 
          
Reacts to student’s statement 
 
29 16 27 35 49 29 8 21 37 24 
Asks student to clarify or repeat 
idea 
 
8 4 2 3 6 4 0 0 11 7 
Other 
 
1 1 3 4 5 3 0 0 1 1 




 Table 6.15 shows that among Explicit task-related turns, Joey had the lowest total 
percentage (18%) of turns that were coded as providing answers to students’ questions and 
providing hints or explanations; Austin and Ted had the highest total percentage (45% and 42% 
respectively) of turns that were coded as providing answers to students’ questions and providing 
hints or explanations. Among Implicit task-related turns, Ted and Joey had the highest total 
percentage (32% and 29% respectively) of turns that were coded as inviting students to present 
their ideas and exploring students’ understanding of ideas/concepts/procedures; Jim had the 
lowest total percentage (16%) of turns that were coded as inviting students to present their ideas 
and exploring students’ understanding of ideas/concepts/procedures. Among Neutral turns, Joey 
had the highest percentage (42%) of turns that were coded as reacting to students’ statements; 
Austin and Ted had the lowest percentage (21%) of turns that were coded as reacting to students’ 
statements. Only Joey and Tom had turns that were coded as encouraging or instructing students 
to collaborate.  
 Figure 6.4 shows the total percentage of follow-up turns per each category of follow-up 
turns for each of the five teachers. The percentage of Explicit task-related turns was more than 
the percentage of Implicit task-related turns for all teachers except Joey. The difference in the 
percentage of Explicit task-related turns and Implicit task-related turns was higher for Austin and 
Jim than Tom and Ted. During Task-related group-level interventions, Austin and Jim tended to 
use Explicit task-related turns more than Implicit task-related turns; Joey tended to use Implicit 
task-related turns more than Explicit task-related turns; and Tom and Ted tended to use both 
types of turns almost equally. Figure 6.4 also shows that Joey had the highest percentage of 
Neutral turns across all teachers and among all other categories. Joey tended to use Neutral turns 





Figure 6.4. The total percentage of follow-up turns per each category of follow-up turns for each 
of the five teachers 
 
To examine if there were differences in the types of support that each teacher used during 
the 79 Task-Related group-level interventions, each of the 79 Task-Related group-level 
interventions was matched with the teacher who was implementing the intervention along with 
the type of support that was used during the intervention. Table 6.16 shows the number of 
interventions per teacher along with the mean durations of these interventions. Table 6.17 shows 
the type of support across the 79 Task-Related group-level interventions. To identify if there are 
significant differences in the type of support between the teachers, a Chi-Square test with 
multiple variables was performed. The results of the test indicated that there are significant 









Number and Durations of Task-Related group-level Interventions per Teacher 
 
 TA CA 
Teacher Austin Joey Tom Ted Jim 
Number of interventions 12 16 33 9 9 
Mean duration (in minutes) 2.7 0.76 0.79 0.93 2.65 
SD (in minutes) 1.52 0.37 0.78 0.42 1.97 
Maximum Duration (in minutes) 4.88 1.53 3.1 1.68 6.08 
Minimum Duration (in minutes) 0.2 0.15 0.083 0.37 0.18 
 
Table 6.17 
The Type of Support Provided to the Groups per Teacher Across the Task-Related Group-Level 
Interventions  
 
 TAs CAs 
 Austin Joey Tom Ted Jim 







































Table 6.17 (continued) 
 
 TAs CAs 
 Austin Joey Tom Ted Jim 




0 0 1 6.3 3 9.1 0 0 1 11.1 
Total 12  16  33  9  9  
 
 Table 6.16 shows clear differences among the teachers in the length of the intervention. 
Austin and Jim tended to have the longer interventions compared to Tom, Ted and Joey. Austin 
and Jim spent more time with the groups than Tom, Ted, and Joey.  
As shown in Table 6.17, the total percentage of Austin’s interventions that included the 
use of only Explicit task-related support and were dominated by the use of Explicit task-related 
support (66.7%) was double those that included the use of only Implicit task-related support and 
were dominated by the use of Implicit task-related support(33.3%). Austin tended to implement 
Explicit task-related support more than Implicit task-related support when intervening with the 
groups’ work. The total percentage of Joey’s interventions that included the use of only Explicit 
task-related support and were dominated by the use of Explicit task-related support (25.1%) was 
half those that included the use of Implicit task-related support and were dominated by the use of 
Implicit task-related support (50%). Joey tended to implement Implicit task-related support more 
than Explicit task-related support when intervening with the groups.  
The total percentage of Tom’s interventions that included the use of Explicit task-related 
support and were dominated by the use of Explicit task-related support (45.5%) was more than 
those that included the use of Implicit task-related support and were dominated by the use of 
Implicit task-related support (30.3%). Tom tended to implement Explicit task-related support 
more than Implicit task-related support when intervening with the groups’ work. The total 
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percentage of Ted’s interventions that included the use of Explicit task-related support and were 
dominated by the use of Explicit task-related support (44.4%) was less than those that included 
the use of Implicit task-related support and were dominated by the use of Implicit task-related 
support (55.5%). Ted tended to implement Implicit task-related support more than Explicit task-
related support when intervening with the groups’ work. The percentage of Jim’s interventions 
that included the use of Explicit task-related support and were dominated by the use of Explicit 
task-related support was 88.9%. None of his interventions included the use of Implicit task-
related support or was dominated by the use of Implicit task-related support. Jim tended to only 
implement Explicit task-related support when intervening with the groups. Table 6.17 also shows 
that Joey was the only teacher that implemented Explicit collaboration-related support when 
intervening with the groups. Only Joey and Tom had interventions that only did not include any 
specific support. These results need to be interpreted with caution due to the large differences in 
the number of interventions between the teachers.  
 Whole-class interventions. A whole-class intervention was defined as an interaction 
episode between the TA or CA and the whole class at any one occasion during the activity. Both 
TAs did not initiate any whole-class interventions across the four discussion sections. However, 
in Section 3 and Section 4, Joey initiated three quick announcements as the groups were engaged 














The Durations and Transcripts of the Three Whole-Class Announcements  
 
Section # Duration (min) Transcript 
3 0.22 Guys keep in mind we are looking for one configuration that's 
going to make this system work and one that's going to fail 
either by shear force or bending moment. Please focus on both 
of those and try and get one of each thing.  
 
3 0.32 You guys have about ten minutes then we're going to stop you 
again and have one group that we call on randomly show me on 
the board what doesn't work and what does work. 
 
4 0.20 You guys, I'm going to stop you all in a couple of minutes and 
I'm going to call on a couple of groups at random to display your 
solutions on the big board and explain them to the rest of the 
class. Just take a couple of minutes and make sure you put down 
whatever you've got. 
 
Using the fish-eye camera, Joey’s activity before initiating these announcements was 
examined. It was noticeable that Joey initiated the first announcement in Section 3 immediately 
after interacting with one of the groups. The second and third announcements were initiated at 
random times.  
Consolidating Strategies 
In order to identify the consolidating strategies that the TA implemented at the end of 
each discussion section, the TA’s conclusion, which is the total time the TA spent addressing the 
whole class at the end of the discussion section, was transcribed and coded using the emergent 
coding scheme presented in Table 3.14. Table 6.19 shows the duration of the TA’s conclusion in 










Duration of Conclusions in the Four Discussion Sections 
 
TA Austin Joey 
Section # 1 2 3 4 
Duration (min) 1.25 0.82 4.23 2.9 
  
Table 6.20 shows the consolidating strategies that the TAs implemented (or not) in each 
of the four discussion sections. Only Joey’s consolidating strategies involved students’ 
participation. Neither of the TAs implemented collaboration-related consolidation strategies.  
Table 6.20 
Consolidating Strategies Used by the TAs in the Four Discussion Sections 
 
  Austin Joey 
Consolidating 
Strategy 








General  Announces end of session 
 
 X X X 
Task-related Explains solving procedures 
 
X    
 Explains concepts 
 
    
 Addresses misconceptions 
 
X X  X 
  Asks a group member to 
present solution 
 
  X X 
 Discusses presented solution 
 
    
 Asks group members for 
explanations 
 
    
Collaboration-
related  
Comments on moments of 
optimal group behavior 
 
    
 Asks students to comment on 
collaborative instances 
    
 
In summary, at the beginning of the collaborative problem solving activity, both TAs 
gave task-related instruction; nevertheless, neither of them gave specific collaboration-related 
instruction. During the collaborative problem solving activity, teachers tended to intervene with 
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the groups without monitoring the group activity. They also tended to initiate the interventions 
with asking by asking the group a general question. When intervening with the groups’ work, 
teachers tended to provide more Explicit task-related support than Implicit task-related support, 
and they rarely provided Explicit collaboration-related support. There were significant 
differences in the type of support provided to the groups among the teachers. Austin and Tom 
tended to provide Explicit task-related support more than Implicit task-related support. Joey and 
Ted tended to provide Implicit task-related support more than Explicit task-related support. Jim 
tended to only provide Explicit task-related support. TAs did not initiate any whole-class 
interventions during the activity. At the end of the collaborative problem solving activity, both 
TAs implemented task-related consolidation strategies; nevertheless, only Joey involved students 












Teachers’ Supporting Strategies and Collaborative Problem Solving  
In this chapter, I explore how the teachers’ supporting strategies that were implemented 
during task-related group-level interventions may have influenced the collaborative problem 
solving interactions of the groups. To do so, all the 67 interventions that provided the groups 
with explicit task-related or implicit task-related or explicit collaboration-related support were 
examined. The remaining 12 interventions that did not provide the group with any support or did 
not have any follow up turns were not examined. The video graph of each of the 14 groups was 
examined to determine the type of the episode that came before and after each of the 67 
intervention (see Table 7.1). Table 7.1 shows the number of interventions that were preceded and 
proceeded by specific episodes.   
Table 7.1 
Types of Episodes that Came Before and After Task-Related Group-Level Interventions 
 
  Proceeding (Came After Intervention) 
 Type of 
Episode 



















0 2 7 0 0 
Interactive 
task solving  
5 4 30 1 4 
 
 Because it is impossible to determine the direct impact of an intervention on the 
collaborative problem solving interactions of groups if it was proceeded by another TA/CA with 
group episode or a TA with whole class episode, the next sections will focus only on the 61 
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interventions that were proceeded by Off task, Quiet task solving, or Interactive task solving 
episodes.  
Interventions Preceded and Proceeded by Off Task or Quiet Task Solving Episodes 
 Table 7.1 shows that seven interventions were preceded and proceeded by off task or 
quiet task solving episodes. Such interventions were considered to have a negative impact on 
collaborative problem solving activity of the groups. Examining the codes of the initiation moves 
and follow-up moves of the teachers during these interventions shows that in five of these 
interventions, the teachers provided the students with direct answers to their questions or even 
when the teachers prompted students for a response to explore their thinking or share their ideas, 
at some point during the intervention the teachers switched to giving elaborated answers to 
students’ questions or explaining the solution processes to the groups. In the remaining two of 
these interventions, the teachers briefly checked on the group’s task progress by inviting one 
student to present the group’s ideas and then left the group without commenting or further 
prompting the student’s response.  
Interventions Preceded by Interactive Task Solving and Proceeded by Off Task or Quiet 
Task Solving Episodes 
Table 7.1 shows that nine interventions were preceded by interactive task solving 
episodes and proceeded by off task or quiet task solving. Such interventions were considered to 
have a negative impact on collaborative problem solving activity of the groups. Examining the 
codes of the initiation moves and follow-up moves of the teachers during these interventions 
shows that in seven of these interventions, the teachers provided the students with answers to 
their questions and explained the solution processes to the groups even without inviting them to 
present their ideas or exploring their reasoning. In the remaining two of these interventions, the 
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teachers briefly checked on the group’s task progress by inviting one student to present the 
group’s ideas and then left the group without commenting or further prompting the student’s 
response.  
Interventions Preceded by Off Task or Quiet Task Solving Episodes and Proceeded by 
Interactive Task Solving Episodes 
Table 7.1 shows that 15 interventions were preceded by off task or quiet task solving 
episodes and proceeded by interactive task solving episodes. Such interventions were considered 
to have a positive impact on collaborative problem solving activity of the groups. Examining the 
codes of the initiation moves and follow-up moves of the teachers during these interventions 
shows that in one of these interventions, the teacher explicitly encouraged the group members to 
work together. In two of these interventions, the teachers clarified task-related issues for the 
students by providing simple answers to their questions. In five of these interventions, the 
teacher probed and explored the students’ understandings until they figured out their next step. In 
the remaining seven of these interventions, the teacher briefly checked on the group’s task 
progress by inviting one student to present the group’s ideas and then left the group without 
commenting or further prompting the student’s response. 
To summarize, Table 7.2 shows the number of interventions that had a positive or 
negative impact on collaborative problem solving activity of groups along with the supporting 












The Impact of the Interventions on Collaborative Problem Solving Activity 
 
 Impact on Collaborative Problem 
Solving Activity 
Supporting strategy used during intervention 
 
Positive Negative 
Provided elaborated answers to students’ questions 
or explanations or problem solving procedures 
 
0 12 
Clarified task related issues by providing simple 
answers to students’ clarification questions 
 
2 0 
Probed and explored students’ understandings until 
they figured out their next step 
 
5 0 
Checked progress on task without further 
commenting or prompting 
 
7 4 




Interventions Preceded and Proceeded by Interactive Task Solving Episodes 
For the 30 interventions that were preceded and proceeded by Interactive episodes (see 
Table 7.1), the number of turns and codes per each dimension (collaborative, cognitive, 
metacognitive) within an interval of minute before and one minute after the time when the 
intervention occurred were examined and compared. Proportions were calculated in cases where 
there were large differences between the number of turns that were present one minute before the 
intervention occurred and those that were present one minute after the intervention occurred. 
Interventions that were proceeded by the appearance or increase in the number of high quality 
collaborative problem solving turns per each dimension were considered to have a positive 
impact on the quality of interactions in that dimension. Interventions that were proceeded by the 
disappearance or decrease in the number of high quality turns per each dimension were 
considered to have a negative impact on the quality of interactions in that dimension. 
 
 105 
Interventions that were proceeded by approximately the same number of high quality turns per 
each dimension were considered to have no impact on the quality of interactions in that 
dimension.  
Interventions that had a positive impact on the quality of the verbal interactions under at 
least one of the three dimensions and no impact on the quality of the verbal interactions under 
the other dimensions was considered to have an overall positive impact on the quality of the 
collaborative problem solving interactions of the group. Interventions that had a negative impact 
on the quality of the verbal interactions under at least one of the three dimensions and no impact 
on the quality of the verbal interactions under the other dimensions was considered to have an 
overall negative impact on the quality of the collaborative problem solving interactions of the 
group.  Interventions that had no impact on the quality of the verbal interactions under all of the 
three dimensions was considered to have an overall neutral impact on the quality of the 
collaborative problem solving interactions of the group. Interventions that had a positive impact 
on the quality of the verbal interactions under at least one of the three dimensions and a negative 
on the quality of the verbal interactions under one or both of the other dimensions was 
considered to have a mixed impact on the quality of the collaborative problem solving 
interactions of the group. Table 7.3 shows the impact of each of the 30 interventions that were 
preceded and proceeded by an interactive episode on the quality of collaborative problem solving 
interactions. Figure 7.1 shows the mean durations of the interventions that had a positive impact 
and the interventions that had a negative impact on the quality of the collaborative problem 








The Impact of Interventions on the Quality of Collaborative Problem Solving Interactions 
 
 Impact on Quality of Collaborative Problem 
Solving Interactions 
 Positive Negative Neutral Mixed Total 
Number of Interventions 11 9 8 2 30 
 
 
Figure 7.1. Mean durations of the interventions with positive and negative impact on quality of 
collaborative problem solving interactions 
 
 Table 7.3 shows that only 11 out of 30 interventions (37%) had a positive impact on the 
quality of students’ interactions. This finding is not surprising in light of previous findings that 
show that the teachers were not monitoring or supporting the quality of collaborative problem 
solving interactions. Examining the codes of the initiation moves and follow-up moves of the 
teachers during these interventions shows that in four of these interventions, a student initiated 
the intervention by asking a clarification question and the teacher only provided a simple answer 
to the question before leaving the group. In five of these interventions, the teacher probed and 
explored the students’ understandings until they figured out their next step. In two of these 
interventions, the teacher checked on the group’s task progress by inviting one student to present 
the group’s ideas and then left the group after providing a hint for solving the task.  
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Table 7.3 shows that nine out of 30 interventions (30%) had a negative impact on the 
quality of students’ interactions. Figure 7.1 shows that the durations of these interventions were 
significantly longer than the durations of the interventions that had a positive impact on the 
quality of the collaborative problem solving interactions. Examining the codes of the initiation 
moves and follow-up moves of the teachers during these interventions shows that in all nine 
interventions the teacher provided the students with direct elaborated answers to their questions, 
explained the solution processes to the students even without inviting them to present their ideas 
or exploring their reasoning, and actually solved parts of the task for the group.  
Table 7.3 shows that 8 out of 30 interventions (27%) had a neutral impact on the quality 
of students’ interactions. Examining the codes of the initiation moves and follow-up moves of 
the teachers during these interventions shows that in two of these interventions, the teacher 
checked on the group’s task progress by inviting one student to present the group’s ideas and 
then left the group after providing a hint for solving the task. In three of these interventions, the 
teacher probed and explored the students’ understandings until they figured out their next step. In 
the remaining three of these interventions, the teachers briefly checked on the group’s task 
progress by inviting one student to present the group’s ideas and then left the group without 
commenting or further prompting the student’s response. 
Table 7.3 shows that 2 out of 30 interventions (6.6%) had a mixed impact on the quality 
of students’ interactions. Examining the codes of the initiation moves and follow-up moves of 
the teachers during these interventions shows that in one of these interventions, the teacher 
provided the students with direct answers to their questions. In the other intervention, the teacher 
briefly checked on the group’s task progress by inviting one student to present the group’s ideas 
and then left the group without commenting or further prompting the student’s response. 
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To summarize, Table 7.4 shows the number of interventions that had a positive, negative, 
neutral or mixed impact on the quality of collaborative problem solving interactions of groups 
along with the supporting strategies used during these interventions.  
Table 7.4 
The Impact of Supporting Strategies Used on the Quality of Collaborative Problem Solving 
Interactions 
 
 Impact on Quality of Collaborative 
Problem Solving Interactions 
Supporting strategy used during intervention 
 
Positive Negative Neutral Mixed 
Provided elaborated answers to students’ questions 
or explanations or problem solving procedures 
 
0 9 0 1 
Clarified task related issues by providing simple 
answers to students’ clarification questions 
 
4 0 0 0 
Probed and explored students’ understandings until 
they figured out their next step 
 
5 0 3 0 
Checked progress on task without further 
commenting or prompting 
 
0 0 3 1 
Checked progress on task and provided a hint for 
solving the task  
2 0 2 0 
 
 Collectively, Table 7.2 and Table 7.4 show that in 26 out of 61 interventions (43%), the 
implemented teaching strategies had a positive impact on the collaborative problem solving of 
the groups. In 25 out of 61 interventions (41%), the implemented teaching strategies had a 
negative impact on the collaborative problem solving of the groups. In 10 out of the 61 
interventions (16%), the implemented teaching strategies had no or mixed impact on the 





The Overall Impact of Task-related Interventions on Quality Collaborative Problem 
Solving Interactions and Group Progress Scores 
 To understand the overall impact of task-related interventions on quality collaborative 
problem solving interactions and group progress scores, the number of interventions with 
positive, negative, neutral, or mixed impact on the collaborative problem solving interactions per 
each of the 14 groups in the order of lower to higher progress scores are shown in Table 7.5. 
Table 7.5 also shows the proportions of the indicators of quality interactions at the collaborative 
(Interactive Elaborative and Interactive Negotiation), cognitive (Elaborated Statements, Causal 
Elaborated Statements, Asks an Open Question) and metacognitive dimensions. Figure 7.2 
shows the video graphs of the distribution of the 61 interventions across the 14 groups.  
Table 7.5 
Progress Score, Quality Interactions’ Proportions, and the Impact of Supporting Strategies Used 










Positive Negative Neutral Mixed 
2 .09 .27 .07 1 3 1 0 
2 .09 .20 .13 1 3 1 0 
2 .08 .17 .09 2 1 0 0 
2 .17 .33 .11 3 3 0 0 
2 .09 .21 .08 2 0 2 0 
3 .18 .22 .09 0 5 0 0 
3 .10 .21 .13 1 1 1 0 
3 .14 .22 .15 4 2 1 0 
4 .12 .23 .13 3 3 0 0 
4 .13 .32 .16 2 0 2 0 
4 .15 .30 .14 2 0 0 0 
4 .12 .26 .18 1 1 0 2 
4 .09 .22 .12 3 2 0 0 





Figure 7.2. Video graphs of the distribution of the 61 interventions across the 14 groups 
 
 Based on Table 7.5 and Figure 7.2, it seems that groups that had lower progress scores (2 
and 3) tended to have similar numbers of task-related interventions that had a positive impact on 
the quality of collaborative problem solving interactions as groups that had higher progress 
scores (4 and 5). However, it seems that groups that had lower progress scores (2 and 3) tended 
to have more and longer task-related interventions that had a negative impact on collaborative 
problem solving than groups that had higher progress scores (4 and 5). These interventions may 
have had an overall negative impact on the quality interactions of the groups under the 
collaborative, cognitive, and meta-cognitive dimensions. To further test this hypothesis, the 
mean proportions of quality interactions under each of the three dimensions for the eight groups 
that had relatively lower progress scores (2 and 3) were compared with those of the six groups 





Figure 7.3. Mean proportions of quality interactions of low and high Groups 
 Based on Figure 7.3, groups that had lower progress scores and groups that had higher 
progress scores were similarly engaged in quality interactions under the collaborative dimension. 
However, groups that had higher progress scores were more engaged in quality interactions 
under the cognitive and metacognitive dimension than groups that had lower progress scores.  
 In summary, 26 out of 61 interventions (43%) had a positive impact on the collaborative 
problem solving of the groups. During these interventions, teachers clarified task related issues 
by providing simple answers to students’ clarification questions, probed and explored students’ 
understandings until they figured out their next step, checked progress on task without further 
commenting or prompting, checked progress on task and provided a hint for solving the task, or 
explicitly encouraged the group members to work together. Twenty-five out of 61 interventions 
(41%), had a negative impact on the collaborative problem solving of the groups. During these 
interventions, teachers provided elaborated answers to students’ questions or explanations or 
problem solving procedures or checked progress on task without further commenting or 
prompting. Groups that had lower progress scores tended to have more and longer task-related 
interventions that had a negative impact on collaborative problem solving than groups that had 
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higher progress scores. They were also less engaged in quality interactions under the cognitive 








The purpose of the current study was to explore the quality of student interactions in 
groups, the groups’ progress on the task, and the strategies that the teaching and course assistants 
of an undergraduate engineering course implemented to orchestrate four collaborative problem-
solving undergraduate engineering discussion sections. The study examined the relationship 
between the quality of collaborative problem solving interactions and the groups’ progress. It 
also investigated how the supporting strategies that the teachers implemented to intervene with 
the groups’ work may have influenced the quality of the collaborative problem solving 
interactions. This study aimed to answer the following four research questions: 
1) What are the types and quality of interactions that groups engage in as they solved an 
authentic task in face-to-face undergraduate engineering classrooms? 
2) What are the interaction patterns that characterized groups who were (or were not) 
making progress on the task? 
3) What are the strategies that the teaching and course assistants implemented to orchestrate 
the collaborative problem solving activity? 
a. What are the framing strategies that each TA used to introduce the activity in each 
of the four sections? Are there differences in the framing strategies between the 
two TAs? 
b. What are the types of support that each teacher used to intervene with the group 
work? Are there differences in the types of supports between the teachers?  
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c. What are the consolidating strategies that each TA used to wrap up the activity in 
each of the four sections? Are there differences in the consolidating strategies 
between the two TAs?  
4) How did the supporting strategies influence the quality of students’ interactions as they 
solved the task? 
Types and Quality of Collaborative Problem Solving Interactions 
Problem solving turns. The findings presented in Table 4.1 showed differences in both 
the number and types of problem solving turns (approaching the task turns and solving the task 
turns) among the 14 groups. This suggests that some groups were more involved in representing 
the problem and planning and generating solutions than applying the concepts and procedures to 
solve the task and vice versa. However, despite these differences among the groups, all groups 
participated in both types of problem solving interactional activities that characterize the problem 
solving process of ill-structured problems in groups (Ge & Land, 2003; Kapur & Kinzer, 2007). 
Participating in these types of problem solving interactional activities during undergraduate 
engineering discussion sessions may have been a more meaningful problem solving experience 
for the students than participating in just automatically applying step-wise procedures when 
solving well-structured problems which are still common in undergraduate engineering 
discussion sessions (Mercier, Shehab, & Kessler, under review). 
 The collaborative, cognitive, and metacognitive dimensions of the problem solving 
turns. The findings from the coding of students’ collaborative interactions showed that these 
were dominated by Quasi-Interactive turns which means that students were responding to or 
following on the previous turns but not building on what was said. The total proportion of 
Interactive-Elaboration turns and Interactive-Negotiation turns ranged between .08 and .18. 
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Research indicates that such turns are necessary for groups to co-construct knowledge by 
effectively coordinating joint attention, creating a joint problem space, discussing proposals, and 
reaching consensus (Barron, 2000, 2003; Hmelo-Silver & Barrows, 2008; Hmelo-Silver et al. 
2007; Roschelle & Teasley, 1995; Teasley & Rochelle, 1993; Stahl, 2006). These findings 
indicate that the quality of students’ verbal interactions under the collaborative dimension was 
low and thus, students were minimally engaged in co-constructing knowledge as they solved the 
task.  
 The findings from the coding of students’ cognitive interactions and their level of 
complexity showed that all groups were engaged in modifying ideas, accepting ideas, and asking 
questions more than mentioning new ideas and rejecting an idea. However, the majority of their 
statements and questions were simple. The total proportion of elaborated statements, causal 
elaborated statements, and open questions ranged between .17 and .33. Research indicates that 
such turns are necessary for groups to think together as they solve authentic problems by making 
reasoning visible to other group members, activating prior knowledge, and initiating discussions 
(Hmelo-Silver & Barrows, 2008; Gillies, 2016; Mercer & Littleton, 2007). Also, research 
indicates that such turns can positively influence individual learning outcomes and group 
performance (Chi & Wyli, 2014; Menekse, Purzer, & Heo, 2019). These findings indicate that 
the quality of students’ verbal interactions under the cognitive dimension was moderate and thus, 
students were somewhat engaged in thinking together as they solved the task.  
 The findings from the coding of students’ metacognitive interactions showed that all 
groups had few metacognitive turns. The proportion of metacognitive turns ranged between .07 
and .17. Research indicates that such turns are necessary for groups to correct individuals’ 
misunderstandings, develop joint understanding, share information, and monitor the groups’ 
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progress and performance (Borge, Ong, & Rose, 2018; Hmelo-Silver & Barrows, 2008). These 
findings indicate that the quality of students’ verbal interactions under the metacognitive 
dimension was low and thus, students were minimally engaged in monitoring and regulating 
individual or group performance.  
 Collectively, findings from the coding of students’ verbal interactions under the 
collaborative, cognitive and metacognitive dimension showed that groups were not engaged in 
high quality collaborative problem solving interactions despite that the task and the technology 
were designed to promote and facilitate group processes that are known to positively impact the 
quality of these interactions. These findings align with results from previous studies that show 
that putting students in groups and giving them a task to solve does not guarantee high quality 
collaboration regardless of the individual cognitive abilities and the level of expertise of the 
group members, and the number of times they collaborate with each other to solve tasks (Barron, 
2003; Borge & White, 2016; Hofmann & Mercer, 2016; King, 2008; Mercier, Shehab, & 
Kessler, under review). Getting students to engage in high quality collaborative problem solving 
interactions remains a challenge especially in classes where students are used to solving well-
structured problems and are expected to solve an ill-structured problem in a short and limited 
time. One solution to overcome this challenge can be to explicitly teach the group members 
about collaboration. Research has shown that the skill to work collaboratively is an important 
condition for productive group work (Gillies, 2008; Mercer et al., 2004). Research has also 
shown that when students participate in activities that involve practicing and reflecting on their 
collaborative skills and developing class ground rules for verbal interactions, they tend to engage 
in high quality collaborative interactions (Mercer & Littleton, 2007; Gillies, 2016). Nevertheless, 
this research has been performed with elementary school students and may not be suitable for 
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undergraduate students in light of their age and duration of the discussion session. Designing 
similar activities to explicitly teach undergraduate students about collaboration and testing the 
impact of these activities on the quality of their collaborative problem solving interactions are 
directions for future research.  
Collaborative Problem Solving Interactions and Group Progress 
Findings from scoring the group progress score and the correlations between these scores 
and types of collaborative problem solving interactions under each of the three dimensions 
showed that more successful groups tended to engage in more collaborative problem solving 
turns. Findings also showed that more successful groups tended to be less engaged in mentioning 
new ideas and rejecting ideas, and more engaged in explanations of how an event or process 
occurs, how a state arose, or consequence of a process or event including justifications with 
targeted concepts, and more engaged in monitoring individual or group understanding or 
progress on the task. These findings support research that emphasized the need for collaborative 
problem solving interactions for a successful collaboration experience and group cognition 
(Barron, 2003; Roschelle & Teasly, 1995; Stahl, 2006). These findings align with results of 
Barron (2003) that indicated that groups who discussed ideas rather than rejecting or ignoring 
them had more successful outcomes. They also align with findings from studies that indicate that 
monitoring and regulating individual and collective group processes can lead to better group 
performance and learning outcomes (Borge & Carroll, 2014; Borge & White, 2016). These 
findings can potentially turn into design principles for collaborative problem solving activities. 
For example, when designing tasks for such activities, teachers can include micro scripts that 
explicitly encourage students to thoroughly discuss an idea before rejecting it and suggesting a 
new one.  
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Findings also showed that not all groups were able to engage in collaborative problem 
solving interactions that are associated with higher group progress. One way to support the 
collaborative problem solving interactions of groups can be to track their collaborative problem 
solving activity over the class duration in order to identify what may block the groups from 
engaging in effective collaborative problem solving interactions. This is possible in digital 
learning environments where the groups solve the task using technological devices. Using the log 
files from these devices and video data of groups, researchers can build data-driven models that 
can detect the collaborative problem solving behavior of the groups (Paquette et al., 2018). These 
models can be used to send groups live messages that can improve their collaborative problem 
solving interactions. They can also be used to automatically construct visual representations of 
the groups’ collaborative problem solving activity that are similar to those constructed by coding 
the video recordings of groups as they solve the task (Shehab & Mercier, 2019). These 
representations can be shared with the groups to help them reflect on their collaborative problem 
solving interactions and performance as they solve the task. Future studies can test the impact of 
these representations on the quality of students’ interactions and group progress during 
collaborative problem solving.    
Teaching and Course Assistants’ Teaching Strategies  
 Framing strategies. Findings from examining and coding the TAs’ introductions at the 
beginning of the four discussion sections showed that they were brief. While Joey asked for 
students’ attention before framing the task, Austin did not. This may have been the reason for 
having two inattentive groups in one of Austin’s classes during the introduction. However, 
findings show that the majority of the groups were only partially attentive to what the TA was 
saying during the introductions. This may have mediated the effectiveness of the framing 
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strategies that the TAs were trying to implement at the beginning of the session on the students’ 
group work during the session. Findings from coding the TAs’ introductions at the beginning of 
the four discussion sections also showed that both TAs offered the availability for helping 
students when stuck. This may have encouraged students to initiate interactions with the TAs or 
CAs when facing difficulties when solving the task.  
 Findings from coding the TAs’ introductions at the beginning of the four discussion 
sections also showed that both TAs gave task-related instruction on how to approach the task; 
however, only Austin gave an elaborate description of the task and stated the goals of the task. 
Such type of strategies is supported by research that have shown that when students have a good 
shared understanding of the point and purpose of the task, they tend to engage in group processes 
that promote learning (Meloth & Deering, 1999; Mercer, 1996; Hmelo-Silver & Barrows, 2006). 
Both TAs also gave general collaboration-related instruction, but they both did not give any 
specific collaboration-related instruction that aim at constructing and reinforcing classroom 
norms about student collaboration (Webb et al., in press). Giving specific collaboration-related 
instruction is supported by research that have shown that students do not engage in group 
processes unless a set of ground rules that define quality collaboration is established between the 
teacher and the students (Baker et al., in press; Gillies, 2016; Mercer, 1996; Webb et al., 2008). 
Taken together, the TAs’ framing strategies may have helped the students develop a shared 
understanding of the point and purpose of the task especially in Austin’s classes; nevertheless, 
they did not support students’ collaboration through explicitly discussing and reflecting on what 
characterizes high quality collaboration. Such types of strategies may not have any impact on 
students’ collaboration during collaborative problem solving especially when the introductions 
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are brief and vague and do not involve students in collaborative rule-setting prior to collaboration 
(Baker et al., in press; Meloth & Deering, 1994, 1999). 
 Monitoring and initiating strategies. Findings showed that there were 79 task-related 
group level interventions. Sixty-four interventions were initiated by one of the teachers and 15 
were initiated by one of the students in the group. For the 64 task-related interventions that were 
initiated by one of the teachers, findings showed that interventions that were not preceded by 
monitoring were more than those that were preceded by monitoring. Teachers tended to 
intervene with the groups without monitoring the groups’ collaborative problem solving activity. 
This suggests that the teachers did not diagnose the difficulties that may have been blocking the 
group members from engaging in collaborative problem solving. Rather, TAs and CAs 
intervened to check on the groups as part of doing their job in managing the classroom. The 
finding that 37 of the 46 interventions that were not preceded by monitoring were initiated by 
asking the group a general question and that none of the interventions was initiated by 
commenting on the student’s or group’s collaborative behavior or instructing the group to do 
collaboration-related actions support this claim.  
Findings also showed that 16 of the 18 interventions that were preceded by monitoring 
the group activity were initiated by asking the group a general or specific-task related question. 
None of the interventions that were preceded by monitoring was initiated by commenting on the 
student’s or group’s collaborative behavior or instructing the group to do collaboration-related 
actions. This suggests that when they monitored the group activity, the teachers were attending to 
the group progress on solving the task and not the quality of students’ interactions during the 
collaborative problem solving activity. Research have shown that monitoring strategies can be 
also used to attend to important student behaviors that indicate (or not) the occurrence of high 
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quality student interactions and compare the interactions of different groups with each other and 
with the intended quality of interactions over the class duration (Kaendler et al., 2016).  
Types of support. Findings from coding the follow-up turns in each of the 64 task-
related teacher-initiated interventions and the 15 student-initiated interventions are similar. In 
both types of interventions, explicit-task related turns were higher than implicit-task related turns 
and neutral turns. Explicit-collaboration turns were very low. Findings showed that teachers 
tended to use explicit task-related follow up turns such as providing students with answers to 
their task-related questions, explicit tips/hints on how to solve the problem, and elaborations and 
explanations more than implicit task-related turns such as inviting them to present their ideas, 
exploring their understanding, or challenging them especially in student-initiated interventions. 
One explanation can be that teachers tended to spend more time with the group when a student 
initiated the intervention. However, regardless of who initiated the intervention, the use of more 
explicit task-related than implicit task related follow-up turns and very few explicit collaboration 
turns resulted in providing the groups with explicit task-related support in approximately 50% of 
the interventions, implicit task-related support in 34% of the interventions, and explicit 
collaboration-related support in only one intervention. These findings are similar to the findings 
of a previous study that examined the types of interventions that teaching assistants used with 
groups of undergraduate engineering students while solving sets of structured, algorithmic tasks 
over a period of four consecutive weeks (Mercier, Shehab, & Kessler, under review).The authors 
found that 99 interventions were content-focused and only one intervention was collaboration-
focused. This indicates that the teachers were only focused on providing the groups with task-
related support rather than collaboration-related support. Research shows that collaboration-
related support can positively impact the quality of interactions within groups especially if the 
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teacher has set ground rules prior to the collaborative problem solving activity (Gillies, 2016; 
Hofmann & Mercer, 2016). Future training programs should emphasize the need to implement 
collaboration-related support when intervening with groups during collaborative problem 
solving.  
Findings also indicated that there were differences in the type of support provided to the 
groups between the teachers. Austin, Tom and Jim tended to implement explicit task-related 
support more than implicit task-related support when intervening with the groups’ work. Joey 
and Ted tended to implement implicit task-related support more than explicit task-related support 
when intervening with the groups’ work. This suggests that the teachers had different teaching 
styles. While Austin, Tom, and Jim tended to take the lead in the solution process by providing 
the groups with explicit task-related support, Joey and Ted tended to strengthen the groups’ 
autonomy over the problem solving process by providing implicit task-related support. Previous 
research advocated for the need to use more implicit task-related support (dialogic) than explicit 
task-related support (direct instruction) when intervening with groups especially when the task is 
authentic (Hmelo-Silver & Barrows, 2008; Guzey & Aranda, 2017; Hofmann & Mercer, 2016). 
The excessive use of explicit task-related support increases the risk of removing the challenging 
aspects of the task.  
 Whole-class interventions. Findings from examining the TAs’ whole-class interventions 
showed that neither TA initiated any whole-class interventions across the four discussion 
sections. However, Joey initiated three quick task-related announcements during his discussion 
sections as the groups were solving the task. One of these announcements was initiated 
immediately after interacting with one of the groups. It aimed at reminding the groups with the 
objectives of the task. The other two announcements were initiated at random times and they 
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both aimed at informing the groups that they will be presenting their work at the end of the 
session. The findings align with research that suggest that the monitoring strategies of the 
teachers and their group-level interactions influence the initiating time and type of whole-class 
interventions (Joyce-Gibbons, 2017). However, before making all three announcements, Joey did 
not attempt to interrupt the groups in order to interact with them. Such announcements cannot be 
considered whole-class interventions and will not have any impact on students’ collaboration 
during collaborative problem solving.  
 Consolidating strategies. Findings from examining and coding the TAs’ conclusions at 
the end of the four discussion sections showed that Austin’s conclusions were brief and only 
included only task-related consolidating strategies such as explaining solving procedures and 
addressing misconceptions. Joey’s conclusions were longer. They only included task-related 
consolidating strategies; however, Joey asked group members to present their solutions to the 
whole class without following the presentations with discussions or with asking the group 
members for explanations. Research argues that asking different groups to present different 
solutions (Kaendler et al., 2015), then, discussing the differences between the solutions with the 
whole class may improve students’ metacognition (Loibel & Rummel, 2013). In light of this 
research, the consolidating strategies that were implemented at the end of the four discussion 
sections may not have had any impact on the students’ collaborative problem solving experience. 
In addition, neither TA implemented any collaboration-focused consolidating strategies that aim 
at helping students reflect on their group performance during the activity which may impact their 





Teachers’ Supporting Strategies and Collaborative Problem Solving 
 Findings from the analysis of the task-related group level interventions showed that 
providing elaborated answers to students’ questions or explanations or problem solving 
procedures to the groups tended to negatively impact the collaborative problem solving of groups 
by not changing the group activity to an interactive task solving activity, changing an interactive 
task solving activity to a quiet task solving or off task activity, or lowering the quality of 
students’ interactions. Providing extensive task-related support may have interrupted the group 
discussions or may have taken away the need for students to interact and co-construct knowledge 
as they solve authentic problems by removing the challenging aspects of the task. These findings 
support researchers who argue that task-related support may reduce the chances for the group 
members to interact or participate in high quality interactions (Hogan, Nastasi, & Pressley, 1999; 
Webb, 2009; Webb et al., 2009).  
 Checking the group’s task progress without further commenting or prompting on the 
students’ had different impacts on the groups’ collaborative problem solving activity. In some 
instances, this strategy tended to negatively impact the collaborative problem solving of groups 
by not changing the group activity to an interactive task solving activity or by changing an 
interactive task solving activity to a quiet task solving or off task activity. In other instances, this 
strategy tended to positively impact the collaborative problem solving of groups by changing 
quiet task solving activity to interactive task solving activity. These findings suggest that in some 
instances, this strategy may have not provided the groups with the appropriate support to interact 
or may have interrupted the discussion of the groups. In other instances, this strategy may have 
triggered the group members to interact. Unless followed by adaptive support that can improve 
the collaborative problem solving activity or quality of interactions of the groups, checking the 
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group’s task progress without further commenting or prompting will always have a random 
impact on the collaborative problem solving of groups.     
 Explicitly encouraging the group members to work together tended to positively impact 
the collaborative problem solving of groups by changing quiet task solving activity to interactive 
task solving activity. This finding support researchers who argue that collaborative-related 
support that include moves such as making reference to round rules, directing one or more group 
members to join the group conversation, or asking the group members to participate more 
equitably and consider each other’s ideas can positively impact collaborative problem solving of 
groups (Gillies, 2016; Hofmann & Mercer, 2016).  
 Clarifying task related issues by providing simple answers to students’ clarification 
questions or checking the group’s task progress and providing a hint to solve the task tended to 
positively impact the collaborative problem solving of groups by changing a quiet task solving 
activity to an interactive task solving activity or improving the quality of students’ interactions. 
Such supporting strategy may have given the groups just enough explicit-task related support 
that is adaptive to the group’s needs for students to initiate interactions or co-construct of 
knowledge. This finding supports researchers who argue that offering only few content-related 
ideas or prompts when needed without making evaluative comments can positively impact 
collaborative problem solving of authentic tasks (Hmelo-Silver & Barrows, 2008).  
 Probing and exploring students’ understanding until they figure out their next step tended 
to positively impact the collaborative problem solving of groups by changing a quiet task solving 
activity to an interactive task solving activity or improving the quality of students’ interactions. 
This supporting strategy may have dialogically scaffolded the group’s thinking (Rojas-
Drummond et al. 2013) by providing implicit-task related support that allowed the students to 
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identify their mistakes or figure out how to solve the task. Research also shows that such 
strategies improves the quality of interactions between students in groups (Webb et al., 2009; 
Webb et al., in press).  
Findings from the analysis of the task-related group level interventions also showed that 
some strategies had neutral or mixed impact on the quality of collaborative problem solving 
interactions of groups. This is because previous findings from this study showed that the teachers 
were not purposefully monitoring the quality of students’ interactions and were not intervening 
with the groups to improve the quality of their collaborative problem solving interactions. 
Consequently, more research is needed to confirm the findings of this study and to assess the 
impact of teaching strategies that intend to positively impact the collaborative problem solving 
activity and quality of students’ interactions in their groups. 
Findings from the analysis of the task-related group level interventions also showed that 
in 43% of the interventions, the implemented teaching strategies had a positive impact on the 
collaborative problem solving of the groups; however, in 41% of the interventions, the 
implemented teaching strategies had a negative impact on the collaborative problem solving of 
the groups. Findings also showed that groups that had lower progress scores tended to have more 
and longer task-related interventions that had a negative impact on collaborative problem solving 
than groups that had higher progress scores. They were also less engaged in quality interactions 
under the cognitive and metacognitive dimension than groups that had higher progress scores. 
Taken together with previous findings from this study that showed that the teachers did not 
implement framing strategies, monitoring strategies, and initiating strategies that aim to facilitate 
the students’ collaborative problem solving and quality of interactions, these findings suggest the 
teachers may have in part contributed to the low quality of interactions that characterized the 
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collaborative problem solving of all 14 groups under the collaborative, cognitive, and 
metacognitive dimensions by not providing the appropriate support when needed to improve the 
quality of students’ interactions. This, in turn, may have negatively influenced the group progress 
of some groups. Future research studies must test this hypothesis in more controlled settings 
rather than actual classrooms.  
General Discussion 
 Taken together, findings from this study indicate the need for supporting teaching and 
course assistants in orchestrating collaborative problem solving activities in higher education 
classrooms. One direction can be to design and implement professional development programs 
that help the teaching and course assistants develop basic teaching skills and prepare them for 
implementing strategies that aim at improving the quality of students’ interactions as they solve 
authentic tasks. In one study, Shehab and Mercier (in preparation) developed and implemented a 
semester-long course that aims at helping engineering graduate teaching assistants to provide 
adaptive support to groups during collaborative problem solving classrooms. Observations of the 
TAs’ teaching indicated that uptake of the concepts varied, and many struggled to translate the 
course content into effective teaching practices suggesting that the TAs had difficulties 
abstracting from theoretical ideas to concrete action. One possible solution to this problem can 
be to engage the TAs in co-designing teaching resources with researchers that can be used to 
support other teachers in implementing effective strategies to orchestrate collaborative problem 
solving activities. This approach was effective in preparing elementary and middle school 
teachers in designing and implementing STEM projects in their classrooms (Meier & Du, 2019). 
Future studies can implement this approach with the teaching and course assistants then test its 
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effectiveness on the teaching strategies that they implement to orchestrate collaborative problem 
solving activities.  
Another possible solution can be to engage the teaching and course assistants in short 
video-based training programs that aim at help them develop a specific teaching competency 
associated with effective orchestration of collaborative problem solving. For example, to help 
preservice teachers develop the monitoring competency that allows them to attend to the quality 
of interactions of students during collaborative learning, Kaendler and her colleagues (2016) 
designed a four hours video-based training program that significantly increased the monitoring 
competency of pre-service teachers. A similar training program can be designed and tested for 
improving the monitoring competency of teaching and course assistants in undergraduate 
collaborative problem solving STEM classrooms.  
Another direction for supporting teaching and course assistants in orchestrating 
collaborative problem solving activities in higher education classrooms is through the design and 
implementation of orchestration tools (Lawrence & Mercier, 2017). This is possible in digital 
learning environments where the groups solve the task using technological devices. Data from 
students’ devices can be used to give the teacher a better idea about the groups’ work. When this 
was implemented in the context of actual undergraduate engineering classrooms, it helped the 
TAs to gauge better if an intervention with the group work was necessary and when they 
intervened, they used concrete task related initiation moves rather than general moves that may 
interrupt the groups’ work (Lawrence & Shehab, 2019). Future studies are still needed to explore 






One limitation of the present study is the sample size. The video analysis was performed 
on the video and audio recordings of only 14 groups of undergraduate engineering students in 
four discussion sections. This prevented the researcher from carrying parametric statistical 
analysis on the coded data, such as structural equation modeling, to further explore the possible 
relationships between the teachers’ intervention strategies, the quality of students’ interactions, 
and the group progress scores.   
 A second limitation of the present study is the scoring of the group progress. To score 
group progress the researcher only relied on the verbal interactions of the students in the groups 
and did not have access to their work on the tablets as they solved the task or at the end of the 
discussion sections. Because of this, the score captured the groups’ coverage of the different 
steps of the task but not the correctness or completeness of these steps.    
 A third limitation of the present study is that the teacher intervention episodes were 
analyzed in isolation without taking into consideration the group, time, and sequence in which 
these interventions occurred.  
 A fourth limitation of the present study is the way the impact of the teacher intervention 
on the quality of interactions was determined. Comparing the quality of the interactions one 
minute before and one minute after the intervention could have missed any impact of the 
intervention outside the boundaries of this time interval.  
Conclusions 
The current study explored the quality of student interactions in groups, the groups’ 
progress on the task, and the strategies that the teaching and course assistants of an 
undergraduate engineering course implemented to orchestrate four collaborative problem-solving 
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undergraduate engineering discussion sections. The study examined the relationship between the 
quality of collaborative problem solving interactions and the groups’ progress on the task. It also 
investigated how the supporting strategies that the teachers implemented to intervene with the 
groups’ work may have influenced the quality of the collaborative problem solving interactions.  
Key findings from this study indicated that groups’ interactions were dominated by low 
quality collaborative interactions under the collaborative, cognitive, and metacognitive 
dimensions. Findings also indicated that higher group progress scores were associated with more 
collaborative problem solving turns where students were less engaged in mentioning new ideas 
and rejecting ideas, more engaged in rich explanations and justifications of processes and 
concepts, and more engaged in monitoring individual understanding or group performance on the 
task. These findings can inform the design and implementation of collaborative problem solving 
activities in higher education face-to-face STEM classrooms. These activities must be designed 
in ways that create opportunities for groups to implement high quality interactions as they solve 
the task. They must include the appropriate scaffolding tools that can facilitate students’ 
participation in high quality interactions, such as providing rich explanations and justifications of 
processes and concepts, as they solve the task.  
Findings from this study also indicated that the teaching assistants did not implement 
framing strategies that aim at prompting students’ collaboration at the beginning of the 
collaborative problem solving activity. They also did not reflect on students’ collaboration at the 
end of the activity. During the activity, the teachers did not monitor the groups’ activity and were 
focused on providing the groups with task-related support. Task-related support had negative 
impact on the quality of students’ interactions when teachers provided students with elaborated 
answers or problem solving procedures. Task-related support had a positive impact on the quality 
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of students’ interactions when teachers answered students’ clarification questions or probed 
students’ understanding until they figured out their next step. Not implementing collaboration-
related support and implementing task-related support that had negative impact on the quality of 
students’ interactions may have in part contributed to the low-quality collaborative interactions 
in the groups which in turn may have negatively influenced group progress. These findings can 
inform teachers’ preparation programs in general and teaching and course assistants’ preparation 
programs in particular. They provide concrete guidelines about what teachers can do and what 
they can avoid at beginning, during, and at the end of a collaborative problem solving activity to 
improve the quality of interactions of groups.  
This study can also inform the methods of future studies that examine the teachers’ role 
in the context of face-to-face collaborative problem solving classrooms. The coding schemes that 
were developed to identify the strategies that the teachers used at the beginning, during, and at 
the end of the collaborative problem solving activity can be used in those studies. These coding 
schemes are one of the most significant contributions of this study to the field of the teachers’ 
role in collaborative learning.  
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 Bradley owns a small store that sells household supplies. 
This year, he planned to redecorate the store by installing a new 
shelving system that can help him better display the household 
supplies. For this purpose, Bradley hired a shelving company 
that can design a shelving system for his store.   
 
 





 While installing the shelving system in Bradley’s store, Bradley told one of the shelf 
engineers that he wants to display three books and a radio on one of the installed shelves. 
Bradley asked the engineer for his recommendations regarding the distribution of these supplies 






As a team, your job is to use the Supplementary Material and Tools to discuss issues and 
perform calculations that can help you come up with one recommended distribution and one 
prohibited distribution of the three books and the radio on the shelf in Bradley’s store.  
You also need to be able to explain why you recommended one distribution and 












Book 1 4  
  0.1m 
 
0.04m 
Book 2 12  
  0.16m  
 
0.06m 
Book 3 16  
  0.2m 
 
0.08m 
Radio 30  










A picture of the shelf 
 
General Information about the Shelf 
 
Maximum Internal Force 50N 
Maximum Internal Moment  15Nm 
In case your team decided to stack the objects on 
top of each other, you may only stack smaller 




Tools [Sheet 1] 
 
In the table below, you may want to write your plan. The plan is simply a set of steps that 
your team will execute in order to complete the task. Think about any underlying assumption that 
allows you to take a step.  
 
 










































Tools [Sheet 2] 
 
You can use the space below to draw one sketch of the shelf with your recommended 
distribution of the three books and the radio and another sketch for a prohibited distribution of 






































Steps for Solving the Task 
 
• Exploring the task 
• Distributing the objects on the shelf 
o Hypothesizing if the shelf will fail or not 
o Choose where to put the books 
▪ Examining the dimensions to decide what orientation works 
o Choose how to put the books 
• Choose how to apply the loads (can be modeled as point load and it can also be modeled 
as distributed load) 
• Draw a Free Body Diagram – can be done implicitly as students distribute the objects on 
the shelf or apply the loads 
• Calculating the reaction forces  
• Calculate Shear Force and compare with given 
o Finding the sign 
o Deciding where to make the cut   
• Calculate Moment and compare with given 
o Finding the direction or sign 
o Decide where to take the moment about   
• Make a decision weather distribution works or fail 
 
 
 
 
